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REFORESTATION IN OREGON'S SOUTHERN CASCADES
INTRODUCTION
Successfully reforesting cutover lands in the interior of
southwest Oregon has been difficult because growing conditions there
are characterized by low rainfall, high evaporative demand, and
presence of well-adapted, competing vegetation.Because of this
reforestation difficulty, much of the low-elevation land administered
by the Medford District of the USDI-Bureau of Land Management (BLM)
was withdrawn in 1978 from the timber production land base (Teach et
al. 1990).Research in this region conducted since 1978 (Helgerson
et al. 1989, Tesch et al. 1990) has provided evidence that high
reforestation potential exists in most of southwest Oregon, even in
the driest portion (Franklin and Dyrness 1973).For successful
reforestation, control of competing vegetation is imperative, espe-
cially in the early years of tree development.
To enhance reforestation in western Oregon, the BLM implemented
vegetation control on about 12,150 to 16,200 ha per year in the
latter half of the 1970's, using mechanical, manual, slash piling and
burning, and chemical (herbicide) methods.Herbicides were the
preferred method, used on about 8,500 ha (60% of the total ha treat-
ed) per year, largely because of their relatively low cost (maximum
$85/acre total cost in 1981).The projection given for the early to
mid-1980's was another 44,550 ha (total) to be treated with herbi-
cides (Leavell, 1981).This projection was never fulfilled, because
by 1984, public protest over herbicides resulted in a ban on herbi-
cide application by the U.S. Forest Service and BLM in Oregon.
A result of the herbicide injunction was a heightened interest
by the BLM in alternative vegetation control methods.An alternative
the BLM was willing to test was the use of domestic livestock graz-
ing.Grazing by domestic livestock in forests was not a new concept,2
but its use in achieving the goal of vegetation control rather than
livestock production was a fairly new concept.Livestock production
as the goal of forest grazing was predominant in the late 1800's and
early 1900's and resulted in widespread destruction of range and
forest resources (Clepper 1971) and subsequent ire from foresters
(Dutton 1953).In those years, livestock husbandry and grazing
management were almost unheard of.In national forest reserves,
cattle and horses were turned loose and sheep bands were moved around
without regard for condition of the range.Sheep were referred to as
"hoofed locusts" in the 1897 report of the National Academy of
Sciences to the USDI because they ate tree seedlings to the ground
(Clepper 1971).It quickly became apparent that more intensive
management of livestock was required to prevent damage to regenera-
ting trees and the forage resource.
With more intensive management, livestock grazing as a vegeta-
tion control method has been effective on forested lands in the
Sierra Nevada Range of California (Kosco and Bartolome 1983, Allen
and Bartolome 1989), south-central Oregon (Monfore 1983), southwest
Oregon (Alejandro-Castro 1988), the Willamette Valley of Oregon (Hall
et al. 1959, Hedrick and Keniston 1966), the Coast Range of Oregon
(Leininger 1984, Sharrow et al. 1989), and northeast Oregon (Krueger
1983).From these studies, key components of the intensive manage-
ment that were often necessary to accomplish vegetation control
without deleterious impacts to tree seedlings included: a) proper
timing and duration of livestock grazing; b) proper distribution,
type, class, and stocking density of livestock; c) water and salt
provision; and d) seeding plantations with improved forages.Doe-
scher et al.(1987), discussed why these components were necessary
and how they interacted to accomplish satisfactory vegetation control
on tree plantations.3
The main benefit accruing to tree seedlings from control of
competing vegetation is believed to be increased survival and growth
resulting from the release of site resources, including light, soil
moisture, and soil nutrients.In southwest Oregon, because of the
early onset of hot, dry conditions in the growing season, and com-
petition from understory vegetation, soil moisture is probably the
most limiting resource to tree seedling survival and growth.Hall et
al.(1959) provided evidence that livestock grazing resulted in a
decreased rate of soil moisture depletion on grazed areas of conifer
plantations.They believed the mechanism was reduction of transpir-
ing leaf area resulting from livestock defoliation of competing
vegetation.
In theory, the reduction in transpiring leaf area probably is
the antecedent in the "soil moisture release" mechanism.Particular-
ly from simulated grazing (clipping) studies of individual plants, it
is well known that aboveground defoliation during the growing season,
if severe enough, leads to a subsequent reduction in belowground
standing crop.Density of actively absorbing roots declines, leading
to a decline in the rate of soil moisture depletion.Rooting densi-
ty, root location in the soil volume, and timing of root growth are
believed to be 3 of the most important attributes of root systems
influencing a plant's competitive potential (Caldwell and Richards
1986).Theoretically then, on tree plantations, a decline in rooting
density of understory plants decreases their competitiveness with
tree seedlings.
Research in this study was designed to test the following
hypothesis.Prescribed cattle grazing results in reduced root growth
of competing understory species, which enhances soil moisture avail-
ability and increases survival and growth of conifer seedlings.
To test the above hypothesis, the following objectives
were addressed by this research: a) to quantify mortality and growth4
of planted Douglas-fir (Pseudotsuga menziesii (Mirbel) Franco) and
ponderosa pine (Pinus ponderosa Dougl.) seedlings; b) to monitor the
incidence of animal impacts and frost on Douglas-fir and ponderosa
pine seedlings and attempt to quantify their effect on seedling
survival and growth; c) to characterize and compare the belowground
spatial and temporal distribution of root growth of Douglas-fir
seedlings and cattle-defoliated and undefoliated orchardgrass (Dac-
tylis glomerata L.), a competing understory species; d) to monitor
the water relations of Douglas-fir and ponderosa pine seedlings and
orchardgrass; e) to quantify cattle utilization of competing under-
story vegetation; and f) to monitor the effects of cattle grazing and
seeding of palatable forages on understory vegetation dynamics.5
LITERATURE REVIEW
Domestic Livestock and Big Game Impacts on Conifer Seedling Growth
and Survival
Numerous papers have discussed grazing animal impacts on tree
growth and survival for virtually all regions of the United States
and many regions of the world (see Leininger (1984) for an excellent
comprehensive literature review of forest grazing and a comprehensive
bibliography of forest grazing literature).This portion of the
literature review will concentrate on domestic livestock (cattle and
sheep) and big game (deer and elk) impacts on young Douglas-fir and
ponderosa pine growth and survival in Oregon and northern California.
When pertinent, literature from outside this region will be included.
Browsing
Browsing of Douglas-fir or ponderosa pine seedlings by domestic
livestock or big game has usually been restricted to current year's
growth (Leiberg et al. 1904, Hill 1917, Hall et al. 1959, Black and
Vladimiroff 1963, Leininger and Sharrow 1989).Hall et al. (1959)
and Leininger and Sharrow (1989) reported that current year's growth
of Douglas-fir was most susceptible to browsing immediately after bud
burst, when it was succulent.When current year's growth of Douglas-
fir had hardened off by July and August, sheep browsing was reduced
substantially (Leininger and Sharrow 1989).Similarly, Hill (1917)
reported that browsing of ponderosa pine was minor by September, when
needles and stems were "tough" and less palatable.
Browsing incidence on Douglas-fir and ponderosa pine by domes-
tic livestock declines as the trees increase in height or age (Lei-
berg et al. 1904, Hill 1917, Sparhawk 1918, Leininger and Sharrow
1989).Ponderosa pine seedlings less than about 15 cm in height were
severely browsed by domestic livestock in the southwest U.S. (Hill6
1917, Sparhawk 1918).When ponderosa pine seedlings exceeded 107 cm
in height they were not browsed severely by cattle, sheep, or horses
(Hill 1917).In a heavily browsed Douglas-fir plantation in western
Oregon, terminal leaders were browsed by sheep on 96% of seedlings 50
cm or less in height, but terminal leaders were browsed on only 15%
of seedlings in the 111 to 120-cm height class (Leininger and Sharrow
1989).
Numerous studies have provided evidence that browsing frequency
and severity of damage on Douglas-fir and ponderosa pine seedlings by
domestic livestock and big game varied inversely with amount of
available, succulent forage and possibly, diversity of forage species
available (Hill 1917, Sparhawk 1918, Hall et al. 1959, Roy 1960,
Black and Vladimiroff 1963, Edgerton 1971, Alejandro-Castro 1988,
Leininger and Sharrow 1989).In Arizona and New Mexico, the greatest
browsing damage by sheep occurred during the early summer, when they
were forced to consume bunchgrasses of rank growth (Hill 1917).In
Oregon, when cattle on a ponderosa pine plantation (Edgerton 1971) or
sheep on a Douglas-fir plantation (Hall et al. 1959) were removed
before forage was depleted or became unpalatable, browsing damage was
light or negligible.Leininger and Sharrow (1989) hypothesized that
heavy sheep browsing of Douglas-fir seedlings on one plantation in
western Oregon was attributable to a lack of forage diversity,
because of a preponderance of seeded grass species and a lack of
preferred browse species.Elk browsed 58% of Douglas-fir seedlings
on one site and 23% on an adjacent site in November in southwest
Oregon (Alejandro-Castro 1988).Forage on these sites was not avail-
able because of snow, and Alejandro-Castro believed the Douglas-fir
seedlings were browsed because their tops were above the snow level.
Occasional livestock or big game browsing of young Douglas-fir
or ponderosa pine trees, of varying severity, often resulted in
decreased height growth and stem diameter growth (Hill 1917, Sparhawk7
1918, Roy 1960, Black and Vladimiroff 1963, Leininger 1984).With
repeated, severe livestock browsing of ponderosa pine, death occa-
sionally occurred (Hill 1917). Height growth of young ponderosa
pines, severely browsed by livestock, was 50-66% less than unbrowsed
trees (Hill 1917).On a plantation in western Oregon, sheep repeat-
edly browsed the terminal leaders of Douglas-fir seedlings within
their reach.Height growth and stem diameter growth of these trees
were significantly reduced compared with ungrazed trees (Leininger
1984).However, if given a reprieve from browsing, subsequent height
growth of young ponderosa pines was as rapid as for uninjured trees
of the same height (Hill 1917, Sparhawk 1918), and they often became
marketable, because a leader eventually developed (Hill 1917).The
height lost from browsing, however, was not recovered.
Typically, survival of artificially regenerated Douglas-fir
seedlings has not been reduced by livestock or big game browsing (Roy
1960, Black and Vladimiroff 1963, Hedrick and Keniston 1966, Eissen-
stat et al. 1982, Leininger 1984), but survival of naturally regener-
ated seedlings has (Sparhawk 1918).A few artificially regenerated,
Douglas-fir seedlings during the first and second years after plant-
ing were killed by non-livestock browsing on Vancouver Island,
British Columbia, Canada (Arnott 1975), but compared to drought,
survival reduction because of browsing was negligible.Survival of
naturally regenerated ponderosa pine and Douglas-fir less than 1 year
old or 15 cm in height was reduced severely by sheep browsing (Spar-
hawk 1918).
Trampling
Studies have shown that Douglas-fir and ponderosa pine seed-
lings sustain less trampling impacts by sheep and big game than by
cattle (Black and Vladimiroff 1963, Eissenstat et al. 1982, Alejan-
dro-Castro 1988, Leininger and Sharrow 1989) unless seedlings are8
extremely small (Sparhawk 1918).Less than 3% of artificially
planted Douglas-fir seedlings were mechanically impacted (trampling,
debarking, or broken limbs) by sheep on 5 Douglas-fir plantations in
western Oregon (Leininger and Sharrow 1989).Trampling defined as
bark removal and cambium exposure occurred on 19% of container-grown
Douglas-fir seedlings in Idaho; 60% of this trampling was attribu-
table to cattle (Eissenstat et al. 1982).The containerized seed-
lings were only 3 mm in diameter at planting and bark was susceptible
to tearing.Trampled seedlings were more likely to die than untram-
pled seedlings.Using the trampling definition in Eissenstat et al.
(1982), Alejandro-Castro (1988) reported that only 1.1 to 1.3% of
artificially regenerated Douglas-fir and ponderosa pine seedlings
were trampled by big game on 2 adjacent clearcut-harvested sites in
southwest Oregon, while 6% were trampled by cattle.
Frost Effects on Douglas-fir and Ponderosa Pine Seedlings
Although frost damage occurs on conifer seedlings in the
Pacific Northwest region (Greaves et al. 1978, Minore 1979, Melton
and Childs 1989), little information is available relating the timing
and severity of frost damage to growth and survival of individual
species.Comparing frost tolerances of northwestern tree species,
Minore (1979) compiled information from several sources and concluded
that Douglas-fir was less tolerant of frost than ponderosa pine.
Consistently, studies in the southwest U.S. (Sparhawk 1918),
Idaho (Eissenstat and Mitchell 1983), British Columbia, Canada
(Arnott 1975), and southwest Oregon (Black and Vladimiroff 1963,
Alejandro-Castro 1988) have shown that frost contributes to Douglas-
fir seedling mortality.Frost contributes to reduced height growth
of Douglas-fir seedlings as well (Black and Vladimiroff 1963).In
Alejandro-Castro's (1988) study, a June frost occurring during the9
year of planting was considered to be the major mortality factor on
2-0 Douglas-fir seedlings.
Livestock Grazing to Control Competing Vegetation and Improve Soil
Moisture Conditions for Conifer Seedlings
In the western U.S. and Canada, understory vegetation competes
with artificially or naturally regenerating conifer seedlings for
site resources, resulting in decreased growth and/or establishment of
the conifer seedlings (Pearson 1942, Baron 1962, Schimke et al. 1970,
Clark and McLean 1975, 1979; Preest 1977, Oliver 1979, McDonald and
Oliver 1983, Tesch and Hobbs 1985, Cole and Newton 1987, Elliott and
White 1987, Newton and Preest 1988, Petersen 1988, White and Newton
1989).Chemical, mechanical, or burning methods for control of
competing vegetation (Bentley et al. 1971, Preest 1977, Tesch and
Hobbs 1985, Lanini and Radosevich 1986, Newton and Preest 1988,
Petersen 1988, White and Newton 1989), often result in increased
growth and establishment of both naturally regenerating and artifi-
cially regenerating conifer seedlings.The mechanism usually pro-
posed for the increased growth and establishment is a release of site
resources from the control of competing vegetation, especially soil
moisture (Cole and Newton 1986, Elliott and White 1987, Newton and
Preest 1988).
Livestock grazing as another method for controlling competing
vegetation and improving growth of conifer seedlings has been studied
by several researchers in the western U.S. (Hall et al. 1959, Black
and Vladimiroff 1963, Hedrick and Keniston 1966, Edgerton 1971, Kosco
and Bartolome 1983, Krueger 1983, Thomas 1983, Alejandro-Castro 1988,
Allen and Bartolome 1989, Doescher et al. 1989, Sharrow et al. 1989).
When improved growth has been observed it has been attributed to the
"release of site resources" mechanism, but in these grazing studies
actual measurements of site resources were usually lacking.This10
portion of the literature review will discuss livestock grazing on
forest regenerating areas in the western U.S. and its efficacy in: a
controlling competing vegetation; and b) improving soil moisture
conditions for conifer seedlings.
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Efficacy of Livestock Grazing in the Control of Competing Vegetation
Grazing by sheep (Hall et al. 1959, Black and Vladimiroff 1963,
Thomas 1983, Sharrow et al. 1989) and cattle (Kosco and Bartolome
1983, Krueger 1983, Alejandro-Castro 1988, Allen and Bartolome 1989)
on forest regenerating areas has resulted in substantial reductions
in competing vegetation compared with ungrazed areas.Sheep have
been particularly effective against brush species (Thomas 1983,
McDonald and Fiddler 1987, Sharrow et al. 1989).On 3, 4 to 6-yr-old
clearcut-harvested sites in Oregon's Coast Range, sheep grazing
reduced total net growth of brush including vine maple (Acer circina-
tum), thimbleberry (Rubus parviflorus), salmonberry (R. spectabilis),
and trailing blackberry (R. ursinus) to less than half that on
ungrazed areas.Annual net growth of forb species was reduced by
47%, but graminoid species were not reduced because they regrew after
defoliation (Sharrow et al. 1989).Cattle have been particularly
effective against graminoid species (Krueger 1983), although appre-
ciable utilization has been noted on certain shrub species also
(Kosco and Bartolome 1983, Allen and Bartolome 1989).During one
season of grazing on a clearcut-harvested site in northeast Oregon,
average utilization of seeded orchardgrass (Dactylis glomerate) by
cattle was 55%, while utilization of other dominant graminoid species
was 40-50% (Krueger 1983).On 2 clearcut-harvested sites in the
Sierra Nevadas of California, total canopy cover (shrub plus herb)
was reduced more on cattle plus deer grazed areas than on ungrazed or
deer-grazed only areas (Kosco and Bartolome 1983, Allen and Bartolome
1989).11
Efficacy of Livestock Grazing in Improving Soil Moisture Conditions
On non-forested rangeland, soil moisture has generally been
enhanced on livestock-grazed vs. ungrazed areas (Archer and Detling
1986, Svejcar and Christiansen 1987, Wraith et al. 1987), presumably
because of a reduction in transpirational leaf tissue (Hall et al.
1959).On forest regenerating areas however, the efficacy of live-
stock grazing in improving soil moisture conditions is less definite.
On clearcut-harvested sites in western Oregon receiving an
average annual precipitation of 152 cm (Black and Vladimiroff 1963)
and 250 cm (Leininger 1984), differences in soil moisture content
between grazed and ungrazed areas were not detected, although Black
and Vladimiroff (1963) still maintained that herbage removal by sheep
may have reduced soil moisture depletion rates.On adjacent clear-
cut-harvested sites in southwest Oregon, no significant increases in
soil moisture content were attributable to cattle grazing in the
first and second years after tree planting (Alejandro-Castro 1988).
The amount of competing vegetation on these clearcuts increased from
the first to the second year, but even in the second year the peak
standing crop across grazed and ungrazed treatments was low, ranging
from 175 to 697 kg/ha.
On clearcuts in western Oregon receiving an average annual
precipitation of 76 to 102 cm, increases in soil moisture content
(Hall et al. 1959, Hedrick and Keniston 1966) and less severe water
stress of conifer seedlings (Doescher et al. 1989) were detected on
grazed vs. ungrazed areas.The largest increase in soil moisture
content for grazed relative to ungrazed areas was detected at the 30-
cm depth in Hall et al. (1959) and Hedrick and Keniston (1966).When
grazing was terminated, the differences in soil moisture content
between grazed and ungrazed areas were no longer apparent (Hedrick
and Keniston 1966).Improvement in soil moisture conditions (Hall et
al. 1959) and conifer seedling water stress (Doescher et al. 1989)12
were attributed to a reduction in the transpirational surface area of
competing vegetation.In summary, from these studies of livestock
grazing on forest regenerating areas, its efficacy in improving soil
moisture conditions for conifer seedlings appeared to decline with:
a) an increase in the average annual precipitation received; and b) a
reduction in competing vegetation available for grazing.
Root Growth Characteristics of Douglas-fir Seedlings
Some Morphological Characteristics
When viewed together, results of several studies of Douglas-fir
seedling root systems indicate a high degree of morphological plas-
ticity, influenced by several factors including seedling age, soil
depth, and annual precipitation.McMinn (1963) hydraulically exca-
vated root systems of 7 to 8-year-old, naturally established Douglas-
fir seedlings on a mesic site on Vancouver Island, British Columbia,
Canada.Most of the root systems consisted of a simple taproot and a
few main laterals.The root systems of these seedlings were mostly
superficial, but for the dominant (high vigor) 7 to 8-year-old
seedlings, roots attained a depth of 75-100 cm.For artificially
regenerated Douglas-fir seedlings, Hobbs et al. (1989) cited several
other studies and reported that poor taproot development was common.
In Hobbs et al. (1989), on a xeric site in southwest Oregon, root
systems of Douglas-fir seedlings 5 years after planting were confined
to the surface soil and taproot development was absent.The site
possessed a 75% slope and a skeletal soil with weakly developed A
(surface soil) and B (subsurface soil) horizons of 15 and 85 cm
depth, respectively.
For 1-year-old Douglas-fir grown in a root laboratory, maximal
root depth was 54 cm (Hoffmann 1966a, in Lyr and Hoffmann 1967).
Soil penetration by Douglas-fir seedling roots was reported to be13
intensive (Lyr and Hoffmann 1967).Compared with roots of Douglas-
fir seedlings growing in wet moisture regimes, roots of Douglas-fir
growing in dry moisture regimes occupied greater soil volumes, but
horizontal root spread in relation to occupied soil volume was
greatest for seedlings in wet to very wet moisture regimes where
rooting depth was limited (Smith 1964).
Periodicity
Very few researchers have monitored the periodicity of root
growth for Douglas-fir.Undoubtedly this is because until the
1960's, only destructive, labor-intensive methods (Bohm 1979) were
available for root investigations.Most research on periodicity of
root growth for Douglas-fir seedlings has been done in semi-con-
trolled environments, e.g. nurseries (Krueger and Trappe 1967,
Fielder and Owens 1989), root laboratories (Hoffmann 1966a, in Lyr
and Hoffmann 1967), and greenhouses (Lopushinsky and Kaufmann 1984).
Dormancy period(s) during the year, indicating negligible root
elongation for Douglas-fir seedlings, were not observed by Ross
(1932, in Krueger and Trappe 1967) in western Washington, Stein
(1963, in Krueger and Trappe 1967) for 1 and 2-year-old seedlings in
southwest Oregon, Krueger and Trappe (1967) for seedlings originating
from the Wenatchee National Forest, Washington, or Willamette Nation-
al Forest, Oregon, or Fielder and Owens (1989) for seedlings from
coastal British Columbia, Canada.Root elongation was least in late
January and early February (Ross 1932, in Krueger and Trappe 1967),
and slowed considerably during late November through early January
(Fielder and Owens 1989), but never stopped completely.
No specific, minimum soil temperature required for root activi-
ty in Douglas-fir seedlings was found in the literature.Cleary et
al. (1978) maintained that a soil temperature of 5.5°C was required14
for the yearly start of root growth.For seedlings from the Wena-
tchee National Forest, Washington, root activity during December was
greater when soil temperature at the 10-cm depth exceeded 4 or 5°C
than when it ranged from 1 to 3.5°C (Krueger and Trappe 1967).
Spring root growth of these Wenatchee seedlings appeared to start
when soil temperature at the 10-cm depth averaged 2°C.In a green-
house under artificially controlled air temperature and photoperiod
length, roots of Douglas-fir seedlings from north-central Washington
did not elongate during 3 weeks of soil temperatures near 0°C (Lopu-
shinsky and Kaufmann 1984).
Researchers have often observed high periods of Douglas-fir
root activity in late winter or early spring, and fall.Using the
percent of active root tips as a measure of root activity, Krueger
and Trappe (1967) observed very high lateral root activity in late
February to mid-March for Douglas-fir seedlings originating from the
Willamette National Forest in Oregon.Lateral root activity for
these seedlings peaked in late March and then declined to a low level
by late April when bud burst occurred.Similarly, for seedlings and
saplings of Douglas-fir in western Washington (Ross 1932, in Krueger
and Trappe 1967) and 4-year-old seedlings in Europe (Leibundgut et
al. 1963, in Hermann 1977), root activity increased markedly 1 to
several weeks before bud burst in spring.Root activity for the
Willamette seedlings remained low until July and August, when it
increased to a moderate level.This increase occurred immediately
after the elongation rate for shoots had diminished.Root activity
then declined to low levels by mid-September.Similarly, Hoffmann
(1966a, in Lyr and Hoffmann 1967), observed diminished root growth in
September.In Fielder and Owens (1989), root activity was very low
in early September for coastal British Columbia seedlings but was
highest in October.The Willamette and coastal British Columbia15
seedlings received supplemental watering and/or fertilization accord-
ing to the respective nursery schedules, unlike their naturally
growing counterparts.
Root Growth Characteristics of Orchardarass
Periodicity
Research conducted on orchardgrass in the northern hemisphere,
e.g. Rhode Island (Stuckey 1941), Great Britain (Garwood 1967, 1968),
Japan (Ueno and Yoshihara 1967), and southern hemisphere, e.g. New
Zealand (Jacques and Edmond 1952, Caradus and Evans 1977), has
documented a rather consistent pattern of root growth for this grass
species.In all these locales, orchardgrass root growth generally
peaked in the spring.Compared with shallow soil depths, the peak
period of new root initiation and lateral root branching at deeper
soil depths occurred later in the spring (Caradus and Evans 1977).
Initiation of new roots in Stuckey's study ceased at about the time
when flower primordia were visible.Jacques and Edmond (1952) ob-
served that the period of maximum initiation of new roots occurred
when herbage growth was slow, and the period of maximum herbage
growth occurred when the rate of new root initiation was low.In
mid-spring, there was a distinct shift from root initiation to
herbage production.
In late spring, Stuckey (1941) observed some disintegration of
roots initiated during the previous year, and during the summer, root
growth ceased.Summer root growth was at low levels in other studies
as well (Jacques and Edmond 1952, Ueno and Yoshihara 1967, Garwood
1967; 1968, Caradus and Evans 1977).
In the fall, new roots were again produced starting in mid-
October, continuing until mid-December (Stuckey 1941).New root
initiation was observed in the fall in New Zealand and Great Britain16
also, but the fall peak of new root initiation was somewhat less than
the spring peak (Garwood 1967, Caradus and Evans 1977).During the
winter, root growth declined (Stuckey 1941, Garwood 1967, Caradus and
Evans 1977), but in Caradus and Evans' study, it remained higher than
during the summer.
Although root growth of orchardgrass declined during the winter
it never completely ceased (Stuckey 1941, Garwood 1967, Caradus and
Evans 1977).Citing Brown (1939), Stuckey (1941) reported that
orchardgrass produced appreciable root growth when the soil tempera-
ture in the upper levels was 4.4°C and Stuckey believed that root
growth of orchardgrass in Rhode Island probably occurred at soil
temperatures below 4.4°C.
Response to Defoliation
Research has indicated that the root growth response of or-
chardgrass to defoliation follows a somewhat predictable pattern.
The more drastic the defoliation, as measured by frequency and amount
of leaf tissue removed, the less was the production of new roots and
final yield of roots (Jacques and Edmond 1952, Stapledon and Milton
1930, in Crider 1955, Crider 1955).Orchardgrass plants in Jacques
and Edmond's study were clipped at 3 cutting heights (1.25, 2.5, and
5 cm), at 2 frequencies (weekly and biweekly).Except for 6 intact
roots per plant, newly initiated roots from the crown were either
removed at weekly intervals or were left to grow undisturbed.The
defoliation period lasted for 11 months.At each cutting height,
fewer new roots were initiated with the weekly compared with the
biweekly cutting.Regardless of whether the plants were cut at
weekly or biweekly intervals, the number of new, initiated roots
declined with the reduction in cutting height from 5 to 1.25 cm.17
More of the variation in root response was attributable to height of
cutting than frequency of cutting.
The duration of root-growth stoppage from a defoliation regime
was investigated by Crider (1955) on 8 species of grasses, including
orchardgrass.Unclipped, control plants and clipped plants were
grown in glass-front boxes in the greenhouse.No root-growth stop-
page occurred for orchardgrass plants clipped initially to a 6.35-cm
height.Twenty-two days later, these same plants were re-clipped to
a 7-cm height.Root-growth stoppage started on the third day after
this second clipping and continued for 18 days.Forty-eight days
after the second clipping, plants were clipped a third time to a 7.6-
cm height.Root-growth stoppage started on the fourth day after this
third clipping and continued for 7 days.Of the grasses, orchard-
grass was the only species that did not show root-growth stoppage
after the first defoliation.Further, its total number of days (25)
of root-growth stoppage was least among the grasses.At the end of
the test period, root biomass for clipped orchardgrass was only 17.6%
of the root biomass for unclipped orchardgrass.18
STUDY AREA
The study area is a 14.5-ha portion of Sugar Pine Flat located
8.5 km northwest of Butte Falls, OR (Fig. 1) at T.34S., R.2E., sec.
19, Jackson Co., on public land administered by the USDI-BLM, Medford
District.Vegetatively, the study area is similar to the Mixed-
Conifer Zone of the Cascade Range in southwestern Oregon, which
typically lies at elevations between 750-1400 m (Franklin and Dyrness
1973).The major forest tree species of this zone include Douglas-
fir, ponderosa pine, sugar pine (Pinus lambertiana Dougl.), incense-
cedar (Calocedrus decurrens (Torr.) Florin.), and white fir (Abies
concolor (Gord. & Glend.) Lindl.).
These 5 species existed on the study area before tree harvest,
although white fir was rare.Douglas-fir was the most abundant
species.Ponderosa pine and sugar pine existed as scattered indivi-
duals.Pacific madrone (Arbutus menziesii Pursh.) and California
black oak (Quercus kelloggii Newberry), important associated hardwood
species in this zone, were abundant on the study area.The most
abundant shrub species on the study area included deerbrush (Ceano-
thus integerrimus H. & A.) and whiteleaf manzanita (Arctostaphylos
viscida Parry.).
Soil on the study area belongs to the Freezener series, a
member of the fine, mixed, mesic family of the Ultic Haploxeralfs.
The solum typically is 102-152 cm thick, formed in colluvium and
residuum weathered from basic igneous rock.The A horizon is a dark
reddish brown, gravelly loam; the Bt horizon is a reddish brown silty
clay or clay (USDA,SCS in press).
The study area is nearly level, gradually sloping downward from
south to north.Elevation is about 670 m.A Mediterranean-type
climate prevails in the region, and summers on the study area are
typically hot and dry.Precipitation generally occurs in fall and
spring (rain) and winter (rain or snow).Average annual precipita-11/2 0 1 2
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Fig. 1.Study area location.20
tion and average dry-season precipitation, from May 1 to September
30, are slightly less than 889 mm (Froehlich et al. 1982) and 127 mm
(McNabb et al. 1982), respectively.The frost-free season ranges
from 100 to 120 days.
In July 1985 the study area was tractor-logged.Site prepara-
tion occurred in early September 1985 and included soil scarifica-
tion, soil ripping to ameliorate compaction, and burning of slash
piles.In late September 1985, 7.85 conterminous ha of the study
area were seeded with hand seeders by BLM personnel.The seeding
mixture and rates, deemed appropriate by BLM personnel based on
previous experience on similar sites, were 6.7 kg/ha of 'Potomac'
orchardgrass, 4.5 kg/ha of 'Linn' perennial ryegrass (Lolium perenne
L.), and 2.2 kg/ha of 'New Zealand' white clover (Trifolium repens
L.).In early March 1986, planting crews hodag-planted 10,150 bare-
root seedlings of 2-0 ponderosa pine and 10,600 bare-root seedlings
of 2-0 Douglas-fir on the study area.Seedlings were planted in
pairs (a pair representing 1 of each species) at a density of about
1,379 seedlings/ha, corresponding roughly to a 2.7 X 2.7 m spacing.
Distance between individuals within a pair was usually 1 m or lees.
Average seedling height and stem diameter at planting were 25.4-27.9
cm and 5 mm for Douglas-fir, and 20.3 cm and 5 mm for ponderosapine,
respectively.Seedlings were grown at the J. Hubert Stone Forest
Service Nursery outside of Medford, OR and were lifted in January
1986.Seed was collected from tree seed zone 502, subzone B (Butte
Falls) atan elevation of about 914 m.METHODS AND MATERIALS
Treatment Description
21
The study area was divided into 4 areas (Fig. 2), each of which
was assigned a treatment in a randomized fashion. Each of the follow-
ing treatments were chosen to facilitate the answering of management
questions pertinent to the implementation of an operational forest
grazing system in southwest Oregon.
1) Paper Mulch/Control (PM/C).This 2.97-ha area (Fig. 2) was
managed using paper mulch as the silvicultural method for control of
competing vegetation near Douglas-fir seedlings only.For ponderosa
pine this treatment represented a control.Square paper mulch sheets
(0.84 m2) were reapplied annually in late winter/early spring
throughout the study (1986-1989) to maintain treatment integrity.
Vegetation permitted to establish on this area included native,
naturalized, and introduced species.Defoliation by cattle as a
vegetation control method was excluded.
2) Native Grazed (NG).In addition to native species, naturalized
and introduced species were permitted to establish on this 3.64-ha
area (Fig. 2).Defoliation by cattle was used to control this
competing vegetation.
3) Seeded Grazed (SG).This 4.89-ha area (Fig. 2) was seeded in late
September 1985 in the manner stated previously.Native, naturalized,
and introduced species were permitted to establish also.Defoliation
by cattle was initiated about 8 mos after seeding to control this
competing vegetation.
4) Seeded Ungrazed (SU).This 2.96-ha area (Fig. 2) was seeded in
late September 1985 in the manner stated previously.Native, natur-PM/C
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Fig. 2.Layout of study area (not drawn to scale) showing 4 treatment areas, 60 circular plots, and number
of marked seedlings within circular plots.Thirty-meter distance from study area perimeter is only
shown for 1 side.23
alized, and introduced species were permitted to establish also.
Defoliation by cattle as a vegetation control method was excluded.
This treatment permitted an assessment of conifer seedling survival
and growth under maximum understory competition.
Except for elk (Cervus elaphus nelsoni) during winter periods,
wildlife were not excluded from the study area.Portable electric
fencing (2.0-m height, 6-strand polywire) was erected on the study
area perimeter in December and dismantled in March or April during
the winters of 1986-1987, 1987-1988, and 1988-1989.Elk exclusion
prevented potentially severe browsing on Douglas-fir seedlings,
observed previously by Alejandro-Castro (1988) on a nearby clearcut-
harvested site when snow levels prevented elk consumption of under-
story vegetation.
Grazing Strategy and Rationale
For both the NG and SG treatments the goal of the cattle-
grazing applications had 2 phases: a) to achieve high utilization
levels of the understory species to reduce their vigor and competi-
tiveness with planted conifer seedlings; and b) to minimize cattle-
caused damage to planted conifer seedlings.Although seeding of
palatable forage species in the SG treatment introduced new sources
of understory competition, seeding was done to ensure high utiliza-
tion levels of understory vegetation by cattle (Doescher et al.
1987).
Annual spring cattle grazing on the SG treatment was initiated
before orchardgrass and perennial ryegrass attained the boot stage of
phenology.At this phenological stage, usually observed in mid to
late April, palatability differences between the conifer seedlings
and the seeded forages were assumed to be maximized.Typically,
cattle grazing on the NG treatment was initiated immediately after24
grazing was completed on the SG treatment.By initiating defoliation
this early, I attempted to prolong soil moisture availability to the
conifer seedlings further into the growing season.After initial
spring defoliation, regrowth of understory vegetation estimated by
aboveground phytomass sampling necessitated additional grazing
applications.Put-and-take grazing (Wheeler et al. 1973) was prac-
ticed, where stocking density (AU/ha) was varied in response to
fluctuations in forage availability.Cattle were removed from a
treatment when observed forage height was reduced to 5 cm, or when
browsing was judged to be excessive.
In 1986 through June 1987, portable electric fencing (1-m
height, 3-strand polywire) separated the PM/C and NG treatments and
the SG and SU treatments, to prevent defoliation by cattle in the
PM/C and SU treatments.Beginning in 1987 and continuing through
June, an additional segment of portable electric fence separated the
NG and SG treatments.In July 1987, permanent fencing (1.2-m height,
4-strand barbed wire) was erected to replace the portable electric
fencing.Separation of the NG and SG treatments by a permanent fence
facilitated: a) separate grazing of these treatments; b) cattle
control; and c) achievement of higher utilization levels within each
treatment.
During each grazing application adequate water was supplied.
Salt was supplied when deemed necessary by BLM personnel during
grazing applications in 1986 and 1987.Beginning in 1988, salt and
trace mineral were supplied ad libitum during each grazing applica-
tion.Cows with nursing calves or dry cows were the preferred
classes of cattle, but other cattle classes were used occasionally.
Annually from 1987-1989, before grazing was initiated, I wrote and
submitted a grazing prescription to BLM personnel (see Appendix).
Upon agreement of the contents by both parties, the grazing prescrip-
tion was administered by BLM personnel.Grazing dates, stocking25
densities, and cattle classes used during each grazing application on
the NG and SG treatments from 1986-1990 can be found in Table 1.
Animal and Frost Impacts on Conifer Seedlina Survival and Growth
Data on animal and frost impacts on Douglas-fir and ponderosa
pine seedlings, as well as survival and growth, were collected within
permanently marked circular plots on each of the 4 treatments.Along
each of 3 randomly started, but roughly parallel belt transects in
each treatment, 5 circular plots were established, each about 8 m in
radius (0.02 ha).A total of 60 plots were created for sampling
(Fig. 2).Plot overlap was prevented because plot centers were
positioned at 20 to 40-m intervals along and between the belt tran-
sects.Plot centers were located between a conifer seedling pair.
Data were not collected from these center pairs.Plot centers were
marked with various temporary markers until permanently marked in
1990 with metal T-posts (1.82-m length), hand-painted on the top with
initials and numerals denoting each plot.Plots were positioned a
minimum of 30 m from the forest edge marking the perimeter of the
study area (Fig. 2) to prevent edge effect and ensure uniform insola-
tion of conifer seedlings.
Except for the center pair, conifer seedling pairs within each
plot were marked using the following method.While standing at the
plot center, an individual using a compass located the conifer
seedling pair positioned nearest to magnetic north.The ponderosa
pine of this pair was labeled no. 1 and was marked with a blue twist-
tie + aluminum plate assembly, wound around the stem base.No other
seedlings within the plot were marked with the above assembly.The
Douglas-fir of this pair was labeled no. 2.Clockwise from the first
pair, remaining pairs within the plot were located and seedlings were
numbered consecutively.Seedling distances from the plot center were
recorded to facilitate future location during data collections.Con-26
Table 1.Grazing dates, stocking densities (AU/ha), and cattle
classes used during grazing applications on the cattle-
grazed treatments of the study area in years 1-5 (1986-
1990).
Grazing Application
Stocking Density
SG NG Cattle Class'
I - May 29-June 22
II - Sep. 23-26
1986
1.23
0.73
1987
1
2
I -May 4-9
May 9-13
2.9
5.2
2,4
2,4,5
May 13-15 6.9 2,4,5
May 15-17 2.5 2,5
May 17-22 2.5 1,2
May 22-23 3.4 1,2
II- June 30-July6 2.7 1,2,4
July 6-8 3.6 1,2,4
III- Aug. 5-12 1.6 3
1988
I -Apr. 18-19 2.6 1.9 1,2
Apr. 19-26 4.0 1,2
Apr. 26-27 5.4 1,2
II- May 16-21 4.2 1,5
May 21-22 5.6 1,5
III- June 8-11 4.0 1,2
June 11-13 5.4 1,2
June 13-16 2.33 1,2
1989
I -Apr. 28-May 3 3.8 1
May 3-4 5.2 1
II- June 3-11 2.0 2
June 11-12 2.7 227
Table 1.Continued.
Grazing Application
Stocking Density
SG NG Cattle Class'
III- July 6-10 2.0 2
July 10 2.7 2
1990
I -Apr. 30-May5 2.6 1
May 5-7 3.4 1
II- June 6-8 3.8 1
June 8-14 2.8 1
11 = Cows with nursing calves; 2 = Dry cows; 3 = Heifers; 4 = Year-
lings; 5 = Bulls.
2 Dates were estimated because true dates were unknown.
3Stocking density applied to combined area of both treatments
because both treatments were grazed concurrently.28
ifer seedlings located and marked on the study area by this method
totalled 1545 (760 Douglas-fir, 785 ponderosa pine).Numbers of
conifer seedlings within each plot can be found in Fig. 2.
Survival and animal impact data were collected on all treat-
ments at the end of winter (March) and at the end of the growing
season (September).These data were also collected immediately
before and after each grazing application on the grazed treatments.
Conifer seedlings were considered dead only if photosynthetic tissue
was not observed.Included in animal impacts were cattle browsing,
wildlife browsing, cattle cambial stem-scarring, wildlife cambial
stem-scarring, cattle trampling of stems, wildlife trampling of
stems, and porcupine (Erethizon dorsatum L.) stem-girdling.Cattle
or wildlife browsing was separated further to terminal shoot, or
lateral shoot.Cambial stem-scarring by cattle or wildlife was
recorded when scarring penetrated the outer bark and exposed the
cortex.Cattle or wildlife trampling was recorded when stems were
broken and/or lying parallel to the soil surface.Wildlife browsing,
scarring, and trampling incidence was assumed to be negligible in the
grazed treatments during grazing applications; therefore all impacts
sustained by seedlings in these treatments during grazing applica-
tions were assumed to be cattle-caused.As a check on this assump-
tion, wildlife impacts were monitored periodically during the grazing
season on the ungrazed treatments to determine if they were indeed
negligible.Porcupine stem-girdling was separated further to total,
where the entire stem circumference was girdled at some location, or
partial, where only a portion of the circumference was girdled.
Growth data for conifer seedlings were collected from 1986
through 1990 during September.Because of time limitations during
the first year, only 240 seedlings were measured for growth, 120 of
each species, 2 of each species in each of the 60 plots.In 1987-
1990 all live conifer seedlings remaining of the initial 1,545
seedlings were measured.Total height to the nearest cm was measured29
from the soil surface with a wooden rod scaled in centimeters.Stem
diameter to the nearest 0.01 mm was measured 1-2 cm above the soil
surface with an electronic digital caliper (MAX-CAL).For scarred
stems with attendant swelling, stem diameter was measured above the
swelling to preclude a biased estimate.Because height and stem
diameter were not measured in 1986 at planting time, current annual
increment (CAI) for height and stem diameter was computed only in
1987-1990.When browsing or frost damage resulted in a negative CAI
for height, the actual negative value was recorded to preclude a
biased estimate.As an integrator of total height and stem diameter,
stem volume (cm3) was computed for each measured seedling in 1986-
1990 using the formula (Doescher et al. 1989):
Stem Volume = 1/3 Stem Diameter2 X Total Height.
Frost damage data were collected in 1987-1989 in May and June.
No frost damage was observed in 1986.Frost damage occurred in 1990
(Simons, pers. comm., 1990) but it was not quantified.Frost damage
was quantified by 2 methods: a) the percentage of marked seedlings
within plots sustaining some frost damage; and b) the percentage of
current year's growth damaged on individual seedlings.The latter
percentage was stratified into 5 subjective levels.The levels were:
a) zero; b) 1-25%; c) 26-50%; d) 51-75%; and e) 76-100%.
Water Relations of Conifer Seedlings and Orchardarass Plants
Water Stress
Water stress (xylem pressure potential, V, MPa) of conifer
seedlings was measured with 2 PMS (plant moisture stress) pressure
chambers (PMS Instrument Co., Corvallis, OR).The measure of T has
been reported to incorporate several factors, including: a) the
tension of soil moisture in the rooting zone; b) resistance to water30
movement within the plant; and c) transpirational demands imposed on
the plant by the environment (Cleary and Zaerr n.d.).
Midday and predawn xylem pressure potential were recorded for
Douglas-fir and ponderosa pine seedlings on the 4 treatments at 2 to
4-wk intervals during the summers of 1986-1989.Midday and predawn
sampling were conducted between 1300-1500 h and 0300-0500 h Pacific
Standard Time (PST), respectively.Predawn sampling usually occurred
on the day after midday sampling.For each sampling period, we
attempted to measure T on 28 seedling pairs (n=56), 7 pairs in each
of the 4 treatments.Selection criteria for seedling pairs included:
a) if possible, location outside the permanently marked circular
plots; b) location at least 30 m from the study area perimeter to
assure uniformity in insolation; and c) healthy appearance.When
selected, locations of the seedling pairs were marked with stake wire
flags, each partially covered with white reflective tape to facili-
tate predawn location.
Water stress sampling was destructive, because leaf area was
removed from the seedlings.Procedures for sample collection varied
with seedling size as explained below.For each sampling period
(midday or predawn) in 1986, new seedling pairs were randomly select-
ed because seedlings were small and I wished to minimize tissue loss.
In 1987 and 1988 the seedlings were larger; the same seedling pairs
were measured at midday and predawn on a sampling date.New pairs
were randomly selected for each of the 6 sampling dates in 1987.
Usually new pairs were randomly selected for each of the 5 sampling
dates in 1988 but occasionally the same pairs were measured on 2 or 3
successive sampling dates.Remeasurement of certain pairs became
necessary in 1988 because live Douglas-fir seedlings satisfying the
selection criteria were uncommon.In 1989 the seedling pairs were
never changed except during the last 2 sampling dates in the SG
treatment, when death of a previously measured Douglas-fir necessi-
tated the selection of a replacement.31
The time required to travel between seedling pairs and measure
each of the 56 seedlings prohibited on-site measurement of T.
Seedling T were measured about 1 to 2 h after samples were collected.
One twig of a suitable size to fit into the pressure chamber was
excised from each Douglas-fir with a razor blade.Two or 3 fascicles
from the previous year's growth were excised from each ponderosa pine
with a razor blade.Only 1 twig was excised from each Douglas-fir at
each sampling period to minimize damage.Because exuded phloem sap
or resin from pines often results in false endpoint readings with the
pressure chamber (Cleary and Zaerr n.d.), excision of 2-3 fasci-
cles/pine seedling at each sampling period ensured that at least 1
fascicle would provide a true endpoint.The twig + fascicles of each
seedling pair were labeled accordingly and placed in their own
plastic bag.Plastic bags were placed on ice immediately to prevent
moisture loss from the excised twigs and fascicles.To further
reduce moisture loss, moist paper toweling was placed in the bottom
of the pressure chamber before pressurization to decrease the vapor
pressure deficit.Needles within 2 cm of the excised end of Douglas-
fir twigs were plucked off before insertion into the pressure chamber
to ensure a snug fit within the rubber stopper.Endpoints were
recorded to the nearest 0.5 bar and subsequently converted to MPa.
Xylem pressure potentials for cattle-defoliated (SG treatment)
and undefoliated (Su treatment) orchardgrass plants were measured
with 2 PMS pressure chambers.Midday and predawn T were recorded at
2 to 3-wk intervals during the summers of 1987-1989.Midday and pre-
dawn sampling were conducted at 1300-1500 h and 0300-0500 h Pacific
Standard Time (PST), respectively.For each midday or predawn
sampling period I measured T of 6-8 plants from a group of 8 selected
plants in each of the 2 treatments.Within a treatment, the 8 plants
selected were located in close proximity to each other on a small
area believed to be vegetatively representative of the treatment.
All selected plants were healthy in appearance.Individual plant32
locations were marked with stake wire flags, each partially covered
with white reflective tape to facilitate predawn location.The same
group of 8 orchardgrass plants within each treatment were remeasured
on successive sampling dates within a year.New groups of 8 plants
were selected in each year.During the last 2 sampling dates in
1989, 2 plants in the SG treatment were replaced because they lacked
green leaf tissue.I speculated that repeated T measurement of the
same orchardgrass plants through the summer would permit a more de-
tailed assessment of soil moisture trends on these 2 treatments.
Because the sample size (n=16) was small compared to the
conifer seedlings, T was measured on-site.Similar to the technique
used by Svejcar and Christiansen (1987), leaf blades before excision
were wrapped individually in damp paper toweling except for a small
exposed length.Leaf blades were wrapped to reduce potential trans-
pirational loss of moisture.Leaf blades selected (usually 2/plant)
appeared healthy.Leaf xylem pressure potentials were measured
within 1-2 min of excision.Before insertion into the pressure
chamber the small exposed length of a leaf blade was inserted through
a slit created in the center of a rubber stopper with an Exacto
knife.Leaf blades within the pressure chamber remained wrapped in
damp paper toweling during pressurization.Endpoints were recorded
to the nearest 0.5 bar and subsequently converted to MPa.When true
endpoints were obtained for both leaf blades of a plant, the average
of the 2 measurements was recorded.
Soil Moisture Content
Concurrently with and as a supplement to the T data collected
on the conifer seedlings, percent soil moisture content wasestimated
on each treatment in the years 1986-1989 using the gravimetricmethod
(Taylor 1955).For each treatment and sampling date, 5 holes were
excavated to a 40-cm depth (30 cm in 1986).From each hole, 1
disturbed soil sample of a minimum 100-g weight was collected from33
each of these incremental depths (cm): a) 0-10; b) 10-20; c) 20-30;
and d) 30-40 (only in 1987-1989).Holes were refilled after soil
sample collection.Each soil sample was placed in separate, labeled
recloseable plastic bags, which were placed in cool storage to
prevent moisture loss before measurement.At each sampling date 60
soil samples were collected in 1986 and 80 in 1987-1989.
In 1986 the locations of the holes were randomly selected on
each treatment and new locations for holes were selected on each
sampling date.In 1987-1989 each hole on a treatment was positioned
about 1 m away from 1 of the 7 seedling pairs monitored for water
stress.Holes excavated at this 1-m distance presumably prevented
destruction of the conifer seedlings' root systems.I believed that
soil samples collected in this manner would result in more accurate
estimates of soil moisture content present around each seedling pair
than samples collected randomly over the treatments.In 1987, new
hole locations were selected for each sampling date because conifer
seedling pairs were changed.When conifer seedling pairs were
changed during 1988, new hole locations were selected.Soil samples
were collected from the same holes on all sampling dates in 1989.
When the same hole was excavated on successive sampling dates, some
moisture loss from the exposed sides was probable during the sampling
process.To prevent the collection of samples from these exposed
sides, reexcavated holes were reamed before samples were collected.
For determination of soil moisture content, soil subsamples
weighing about 20 g were removed from each sample and placed on glass
petri dishes of known weight.Each dish with its associated soil was
then reweighed before being placed in a microwave oven set for a 10-
min drying cycle (Miller et al. 1974).After drying, oven-dry soil
weights were recorded and soil moisture content was estimated with
the gravimetric formula.Weights were estimated with a digital pan
balance to the nearest 0.01 g.34
Concurrently with and as a supplement to the xylem pressure
potential data collected on SG and SU orchardgrass plants, percent
soil moisture content was estimated on the SG and SU treatments in
1987-1989 using the gravimetric method.Each of the 5 holes in a
treatment was positioned about 1 m away from 1 of the 8 orchardgrass
plants monitored for water stress.With 2 treatments, 5 holes/treat-
ment, and 4 depths/hole, a total of 40 soil samples were collected
for each sampling date.Soil samples were collected from the same
holes on successive sampling dates in each year.Because new groups
of orchardgrass plants were selected each year, new holes were also
excavated each year.The procedure for determining soil moisture
content was the same procedure used for the conifer seedlings.
Aboveground Phvtomass Production
Aboveground phytomass production estimates during the growing
seasons of 1986-1989 were obtained by clipping.Aboveground phyto-
mass production data on the cattle-grazed treatments permitted
estimation of cattle utilization levels of understory vegetation in
seeded vs. nonseeded areas.Utilization levels achieved provided a
gauge to cattle effectiveness in suppression of understory competing
vegetation.On the cattle-grazed treatments, aboveground phytomass
production sampling occurred immediately before and after a grazing
application.For the May 1986 grazing application in the SG and NG
treatments, and the May 1987, April 1988, and June 1988 grazing
applications in the NG treatment, no utilization estimates were
obtained.On the ungrazed treatments, sampling occurred during the
period of peak aboveground standing crop in 1986, 1988, and 1989; in
1987 aboveground phytomass production was estimated in early May.
Aboveground phytomass was clipped with grass shears to ground
level within 0.37-m2 square quadrats.Planted or volunteer conifer
seedlings encountered within quadrats were not clipped.At each35
sampling period quadrats were positioned at 3.05-m intervals along a
30.5-m length, open reel, fiberglass measuring tape that constituted
the temporary transect.Locations for temporary transects were
randomly selected within areas vegetatively representative of a
treatment.Sample size (number of clipped quadrats) in 1986 and 1987
was usually 50 at each sampling period per treatment, 10 from each of
5 temporary transects.In 1988 and 1989 the vegetative cover on the
treatment areas was more homogeneous.Consequently, I reduced the
sample size from 50 to 30 (usually) at each sampling period per
treatment, without decreasing precision in my estimates.Clipped
aboveground phytomass from each quadrat was placed in separate,
labeled paper bags.Aboveground phytomass was then oven-dried in a
forced-air oven at 50°C for a minimum of 48 hrs.After drying,
aboveground phytomass was hand-cleaned of roots, soil, and dead
material from previous years.Dried aboveground phytomass from each
quadrat was then weighed to the nearest 0.1 g on a digital pan
balance.For each sampling period and treatment, the mean above-
ground phytomass weight per quadrat was computed and converted to a
kg/ha estimate.For each grazing application, percent utilization
estimates of aboveground phytomass were computed using the formula (A
- B)/A, where A is the first clipping and B is the second clipping
(Pieper 1978).
Vegetation Dynamics
To investigate the species composition response of the vegeta-
tion on the 4 treatments through time, data on herbaceous rooted
frequency, herbaceous foliage cover, and shrub/tree foliage cover
were collected in 1986-1989.Herbaceous frequency and herbaceous
cover data were collected during the period of peak aboveground
standing crop on the ungrazed treatments, and after cattle grazing
had ceased for the year on the grazed treatments.Shrub/tree cover36
data were collected at the end of each growing season before leaf
fall.All data were collected from 3, 30.5-m length permanent
transects established on each of the 4 treatments.Locations for
each transect were randomly selected within areas vegetatively
representative of a treatment.These areas had received the same
site preparation and were composed of the same soil.Metal T-posts
marked the ends of each transect.Before sampling, a 30.5-m length,
open reel, fiberglass measuring tape was positioned between the metal
T-posts.
Herbaceous rooted frequency and herbaceous foliage cover were
estimated from 0.37-m2 square quadrats placed at 3.05-m intervals
along the measuring tape.For rooted frequency, flora within the
quadrats were identified to species if possible, and recorded.
Specimens of unknown species were collected off of the transect area
and keyed to species using Hitchcock and Cronquist (1973).For
foliage cover a 10-point frame similar to one described by Sharrow
and Tober (1979) was used.Dimensions of the 10-point frame were
0.79-m width and 0.50-m height.The 10 holes for the pins were
positioned at 5.5-cm intervals along the frame width.After rooted
frequency was recorded for a quadrat, the 10-point frame was posi-
tioned diagonally across that quadrat at a 45 degree angle from
vertical.Only the first herbaceous species touched by each pin on
its downward trajectory was identified and recorded.
For shrub/tree foliage cover, the line intercept method (Can-
field 1942) was used.Cover along the measuring tape for each shrub,
hardwood sprout, or planted/volunteer conifer was recorded to the
nearest 0.015 m.37
Root Dynamics
Selection Criteria
Investigation of root dynamics was restricted to Douglas-fir
seedlings and orchardgrass plants in part because a community-level
study of rooting dynamics was not feasible.Douglas-fir seedlings
were chosen rather than ponderosa pine because: a) Douglas-fir main-
tains greater economic importance in southwest Oregon; and b) evi-
dence from previous regeneration trials on xeric sites in southwest
Oregon suggested that Douglas-fir exhibited lower tolerance to
competition from understory vegetation and suffered greater mortali-
ty.Of the competing understory species on the study area, orchard-
grass was chosen because: a) frequency and cover estimates for this
species were the highest on the seeded treatments during sampling
conducted in September 1986; therefore I assumed it was highly
competitive; b) its high palatability ensured intensive grazing by
cattle; therefore an investigation of defoliation by cattle on the
root system response of this species was feasible; and c) for a
perennial grass, its root system was deep and extensive (Weaver
1926); therefore belowground competition between it and Douglas-fir
would probably be considerable.
Root Periscope Design
A root periscope modified from the one shown in Fig. 1 of
Richards (1984) was used to investigate the root systems of Douglas-
fir seedlings and orchardgrass plants.I used an aluminum tube of
1.12-m length, and 3.175-cm diam, capable of monitoring root growth
to a 0.75-m depth.The aluminum tube was anodized to prevent oxida-
tion and dampen internal reflectance originating from the light
source, because this interfered with root observation.The power
supply was carried alongside rather than mounted to the upper end of
the aluminum tube.The 2 glass fiber optics used by Richards were38
replaced with 2 bundles, each containing 3 strands of plastic fiber
optics (0.14-cm diam, Dupont Fiber Strands, Edmund Scientific).The
bundles were positioned side by side and angled over the top of the
mirror.Plastic fiber strands were selected instead of glass (Rei-
chert-Jung Fiber Optics) because they were less expensive ($3.97/m
vs. -$118.12/m; 1988 prices).Although the plastic fiber strands
were flexible they would not remain in the desired shape without
heating.Excessive heating melted the plastic but careful heating to
avoid melting permitted molding of the strands to the desired shape.
Bending of the plastic fiber strands resulted in some decrease in
light transmission.After several trials both the desired shape of
the fiber strands and adequate light transmission for root observa-
tion were obtained.The power source for the fiber optic system was
a 12V motorcycle battery, recharged after every 6 h of use.
Installation of Mini-rhizotrons
Mini-rhizotrons were constructed of Pyrex glass (1.22-m length,
3.8-cm o.d., 2-mm wall thickness, Corning Glass Works, VWR Scientif-
ic), cut to a 0.91-m length.To allow insertion of the mini-rhizo-
trons into the soil, holes were excavated with a 3.8-cm diam hand
auger and 4.5-cm o.d. soil corer at about a 15 degree angle from
vertical.Mini-rhizotrons were positioned at this angle to permit
root intersection with the glass face but reduce "the probability of
roots following the soil-tube interface for extended distances after
they intersect the tube" (McMichael and Taylor 1987).Excavated
holes were slightly larger in diameter than the mini-rhizotrons.To
provide for a firm contact between the bulk soil and glass face of
each mini-rhizotron, surface soil was used as fill after dry-sieving
to remove large material with a no. 10 Tyler standard screen scale.
Mini-rhizotrons installed near orchardgrass were positioned so
the top and bottom were 10-15 cm away and about 78 cm beneath the
base of a plant (Fig. 3).To prevent damaging the primary root,39
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Fig. 3.Location of mini-rhizotrons in relation to orchardgrass
plants (not drawn to scale).40
mini-rhizotrons installed near Douglas-fir seedlings were positioned
so the entire length of the mini-rhizotron was at a 10 to 15-cm
horizontal distance from the vertical axis of the stem (Fig. 4).A
10-cm length of each mini-rhizotron remaining above the soil surface
permitted attachment of the root periscope and reduced the risks of
trampling and breakage by cattle and native ungulates utilizing the
study area.To shield the top and prevent breakage during grazing
applications, rocks or small logs were positioned on the side of the
mini-rhizotron facing away from the orchardgrass plant or Douglas-fir
seedling.No. 7 rubber stoppers were placed in both ends of each
mini-rhizotron to prevent entrance of water and foreign material.
Stoppers in the lower end were sealed with duct tape.Because roots
exposed to light may suberize more rapidly (Hilton and Mason 1971, in
Hermann 1977) and their growth may be inhibited (Lake 1987, Levan et
al. 1987), the exposed tops of the mini-rhizotrons were covered with
metal cans to prevent entrance of sunlight.
Mini-rhizotrons installed on the study area totalled 68.Mini-
rhizotrons were installed beneath 29 Douglas-fir seedlings and 24
orchardgrass plants from April to early July 1987.Nine of the 29
Douglas-fir seedlings were in the PM/C treatment, 10 were in the SG
treatment, and 10 were in the SU treatment.Fourteen of the 24
orchardgrass plants were in the SG treatment and 10 were in the SU
treatment.Because of Douglas-fir mortality during 1987, 15 addi-
tional mini-rhizotrons were installed beneath Douglas-fir seedlings
in February 1988.Five of these were in the PM/C treatment, 8 were
in the SG treatment, and 2 were in the SU treatment.All Douglas-fir
seedlings and orchardgrass plants were selected from within the
permanently marked circular plots.All were healthy in appearance
when selected.
Because Douglas-fir seedlings selected in the PM/C treatment
had been surrounded by paper mulch since planting, I believed root
growth of these seedlings would reflect minimal or no competition41
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Fig. 4.Location of mini-rhizotrons in relation to Douglas-fir
seedlings (not drawn to scale).42
from understory vegetation.To eliminate all possible competition,
and ensure future monitoring of only Douglas-fir roots, an area out-
side the 0.84 m2 paper mulch sheet was manually grubbed of all herbs
and shrubs to a minimum 1-m distance from the seedling.If the
ponderosa pine of the seedling pair was within 1 m of the Douglas-
fir, it was removed also.
For Douglas-fir seedlings selected in the SG and SU treatments,
all shrubs and herbs within 1 m were manually removed except orchard-
grass, because my objective was to monitor root growth of coexisting
Douglas-fir and orchardgrass.Upon subsequent root observation
beneath these seedlings, Douglas-fir and orchardgrass roots were not
distinguishable from each other with certainty because: a) the fine
roots observed were too small to permit detection of differences
(color e.g.); and b) once suberized, Douglas-fir roots were usually
distinguishable from orchardgrass, but during the spring period of
active root initiation and elongation they were not distinguishable
from orchardgrass (Karl and Doescher 1991).Therefore the mini-
rhizotrons beneath these Douglas-fir seedlings were not sampled be-
cause they did not satisfy my objective.
For orchardgrass plants selected in the SG and SU treatments,
all shrubs and herbs within 1 m were manually removed, except other
orchardgrass plants.This ensured that only orchardgrass roots would
be monitored.
Cost
Total cost for the root periscope (not including power source)
was about $1,200 in 1988 (custom-built by Department of Agricultural
Engineering, Oregon State University, Corvallis).Root periscopes
could also be purchased from JRD Merrill Specialty Equipment, Logan,
Utah, for $1,000 (1989 price).Pyrex glass for the mini-rhizotrons
was bulk-purchased at a cost of $152.75/11.35 kg (-$8.50/tube, 1988
price).Cost of the glass cutting was about $1.10/tube.43
Root Sampling
Before installation, the entire length of each mini-rhizotron
was marked externally with horizontal, circumferential lines at 50-mm
intervals.A waterproof black pen was used.One-fourth (90 degrees)
of the mini-rhizotron circumference could be viewed by the mir-
ror/fiber optic system at one time.Of the 4 available fields, only
2 were observed down the length of each mini-rhizotron because of
time limitations.I selected 2 fields that were aide by side and
represented the 180 degrees of the mini-rhizotron circumference
facing the base of the Douglas-fir seedling or orchardgrass plant.
Fifteen depths ranging from 1 to 71 cm in 5-cm increments were
sampled for each of the 2 fields for a total of 30 subsamples per
mini-rhizotron.I calculated the average number of roots at each
depth by summing and averaging the root counts for the 2 subsamples
at each depth.By summing the root counts for the 30 subsamples, a
relative, total number of roots was obtained for a vertical depth of
about 0.7 m for each mini-rhizotron.The method used in counting
roots was derived from Tennant (1975).At each depth, each root
crossing or touching the black line was recorded as 1 count; each
root lying along the black line was recorded as 2 counts.
Although the majority of mini-rhizotrons were installed by July
1987, the number of roots reaching the glass face was insufficient to
permit expedient sampling until early 1988.Mini-rhizotrons beneath
orchardgrass plants were sampled at about 3 to 4-wk intervals from
mid-April to mid-July 1988.Fall sampling (n=3/treatment) in 1988
occurred in early October and early December.Compared to the mid-
April to mid-July period of 1988, sample size in 1989 was decreased
from 12-13 to 6 in the SG treatment and 9 to 6 in the SU treatment,
and sampling frequency was increased.Sampling was conducted at
about 1-wk intervals from mid-March to early April to detect the
onset of root elongation; from early April through late July, sam-
pling was conducted at about 2 to 3-wk intervals.Sampling during44
the 1988 and 1989 growing seasons coincided with the grazing schedule
in Table 1, permitting the monitoring of defoliation-induced respon-
ses in root growth.
Mini-rhizotrons beneath Douglas-fir seedlings were sampled in
late March (n=7), early May (n=8), late July (n=11), early October
(n=3), and early December (n=3) 1988.Compared to the late March to
late July period in 1988, sample size in 1989 was decreased to 3 in
March and 5 from early April to mid-July.Sampling was conducted at
1 to 2-wk intervals from mid-March to mid-April to detect the onset
of root elongation; from mid-April to mid-July sampling was conducted
at about 3-wk intervals.
Concurrently with the mini-rhizotron sampling, soil tempera-
tures to the nearest 0.5°C were recorded at 0, 10, 20, 30, and 40-cm
depths within 0.3 m of the Douglas-fir or orchardgrass plant using a
Reotemp Bi-Metal Dial Thermometer.
Because I was interested in the defoliation-induced root
response of orchardgrass, I recorded orchardgrass height (cm) concur-
rent with the mini-rhizotron sampling beneath orchardgrass.Height
of undefoliated, SU orchardgrass plants was measured to the highest
green point in natural position.Height of cattle-defoliated, SG
orchardgrass plants was recorded as the average stubble height in
natural position.Height was recorded for all orchardgrass plants
within a 0.3-m radius (0.28-m2 circular area) of the target plant
(also measured).This was necessary because orchardgrass plants near
the target plant were undoubtedly contributing root counts to the
mini-rhizotron relative total count.Because I believed the root
count data were also affected by the total basal area of orchardgrass
in the circular area surrounding each mini-rhizotron, plant heights
were first weighted by their respective basal areas, and then average
height was computed from the weighted heights.I believed this
procedure resulted in a more accurate height estimate associated with
the root count data.Basal areas were estimated with the ellipse45
area method used by Young and Miller (1985), Eckert and Spencer
(1987), and Ganskopp (1988).
Weather Data
On-site temperature data were collected discontinuously from 25
Apr. 1987 through 12 Sep. 1989 with a Model 4110 Hi Q Hygrother-
mograph, placed in a protective shelter at ground level in the SU
treatment.This hygrothermograph recorded temperature (°C) continu-
ously for 1-wk period durations.Temperatures just above ground
level measured with the hygrothermograph were representative of
ambient temperatures around the planted conifer seedlings.
Incomplete precipitation data were collected from April 1988
through September 1989 next to the hygrothermograph witha 12.7-cm
capacity, NC+ transparent rain gauge positioned at a 1-m height.
By comparison, the incomplete on-site temperature and precipi-
tation data were in close agreement with the complete temperature and
precipitation data collected at the Lost Creek Dam weather station
(U.S. Department of Commerce 1986-1990), located about 9.6 km NNW of
the study area.On-site data were used to supplement the Lost Creek
Dam data.
Experimental Design and Statistical Analyses
Treatments were not spatially replicated in the experimental
design for this study.Pseudoreplication (Hurlbert 1984) was commit-
ted because inferential statistics were used to test for treatment
effects, despite nonreplication of treatments.According to Hurlbert
(1984), pseudoreplication as committed in this studymeans that
significant differences attributable to treatments should be at-
tributable to location instead.Not every statistician shares Hurl-
bert's philosophy however.In Hurlbert (1984), "Green suggests
. . .that it is valid to use inferential statistics to test for46
environmental impacts of an externally imposed factor even in situa-
tions where only a single control area and single impactarea are
available."With no treatment replication, Petersen (pers. comm.,
1990) believed that treatment effects were present and mixed with
location effects, i.e. significant differences were attributable to
both treatment and location.I was confident in attributing differ-
ential responses to the treatments, partly because soilswere homoge-
neous across the study area.Because treatments were not replicated,
I followed a conservative strategy when interpreting the results of
significance tests (Petersen, pers. comm., 1990).For all statisti-
cal analyses, the alpha level was set at P=0.05.Only significant
treatment differences were interpreted.Upon detection of a signifi-
cant F-ratio, the F-protected LSD (Petersen 1985) was used tosepa-
rate treatment means.Inferences derived from statistical analyses
in this study were cautiously extrapolated to areas outside the study
area.This study represented a case study on forest grazing.
Percent mortality data for Douglas-fir and ponderosa pine
seedlings were arcsine-transformed before analysis to satisfy the
assumptions of ANOVA.A repeated measures ANOVA for a strip-plot
design (Winer 1971, Moser et al. 1990) was used to test for treatment
differences in mortality for years 1-5 (1986-1990) for each species
separately.A repeated measures ANOVA for a strip-plot design was
appropriate here because year and treatment could not be randomized
(Moser et al. 1990).The permanently marked, circular plots were the
experimental units in these analyses.
Because I was interested in elucidating the causal mechanism(s)
underlying conifer mortality on the study area and predicting surviv-
al of conifers subjected to several monitored factors, I attempted to
fit a binomial response model (stepwise logistic regression) to the
Douglas-fir and ponderosa pine survival data.Because mortality of
ponderosa pine seedlings was easily traced to a few of the monitored
factors, survival predictions were relatively easy and use of the47
binomial response model for this species became unnecessary.Pre-
dicting survival for Douglas-fir seedlings was more difficult because
more factors and combinations of factors were causal in mortality.
Although the binomial response model was appropriate for the Douglas-
fir data, its fit was poor and it was not used.Instead, for the
ponderosa pine and Douglas-fir data, 2 X 2 tests of independence
(Snedecor and Cochran 1967) were utilized to test whether mortality
of seedlings was independent of certain factors and factor combina-
tions.
A one-way ANOVA for a completely randomized design was used to
test for treatment differences for the percent of Douglas-fir seed-
lings sustaining some frost damage in years 2-4 (1987-1989) separate-
ly.Data were arcsine-transformed before analysis to satisfy the
assumptions of ANOVA.The permanently marked, circular plots were
the experimental units in these analyses.
A 4 X 4 test of independence using the G-statistic (Sokal and
Rohlf 1973) was used to investigate if frost damage on Douglas-fir
seedlings in the 4 classes was independent of treatment.Frost
damage was analyzed for years 2-4 (1987-1989) separately.
A one-way ANOVA for a completely randomized design was used to
test for treatment differences for the absolute growth data of
Douglas-fir for years 1 through 5 separately, absolute growth data of
ponderosa pine for year 1, and relative growth data of Douglas-fir
for years 3, 4, and 5 separately.A repeated measures ANOVA for a
strip-plot design was used to test for treatment differences for the
absolute growth data of ponderosa pine for years 2 through 5 inclu-
sive, and the relative growth data of ponderosa pine for years 3, 4,
and 5 inclusive.The permanently marked, circular plots were the
experimental units in these analyses.A repeated measures ANOVA was
not used for the Douglas-fir growth data because some experimental
units were lost during the study (i.e. circular plots containing zero
live Douglas-fir seedlings).Before analysis with ANOVA, relative48
growth data were converted to mean relative growth rates (RGR) using
the procedure in Hunt (1978).Cochran's test or the homogeneity of
variance testing procedure for a repeated measures ANOVA (Winer 1971)
was used to test for homogeneity of variance for each preliminary
one-way ANOVA or repeated measures ANOVA.If the assumption of
homogeneity of variance was not satisfied, appropriate transforma-
tions (Sokal and Rohlf 1973) were applied to the absolute data to
satisfy the assumption.If the variance homogeneity assumption was
not satisfied with a transformation, the nonparametric Kruskal-Wallis
test (Gibbons 1985) was used.For the relative growth data, the
nonparametric Kruskal-Wallis test was used if homogeneity of variance
was not satisfied.
Xylem pressure potential (Y) data for conifer seedlings in
years 1-3 were tested for treatment differences using a two-way ANOVA
for a strip-plot design.Separate analyses were performed for each
year, conifer species within year, and midday or predawn sampling
period within species.Xylem pressure potential data for conifer
seedlings in year 4, and orchardgrass in years 2-4, were tested for
treatment differences using a repeated measures ANOVA for a strip-
plot design.Soil moisture content data associated with the conifer
seedlings in years 1-3 were tested for treatment differences at a
given depth using a two-way ANOVA for a strip-plot design.Soil
moisture content data collected near the conifer seedlings in year 4,
and near orchardgrass in years 2-4, were tested for treatment differ-
ences at a given depth using a repeated measures ANOVA for a strip-
plot design.Before computation of the non-repeated measures ANOVA:
a) estimates for any missing values within each data set were comput-
ed using a procedure given in Winer (1971); and b) an artificial
blocking criterion was developed (Petersen, pers. comm., 1990) to
create blocks that permitted computation of these ANOVA.
Vegetation changes occurring on each of the 4 treatments in
years 1-4 of the plantation were analyzed using a chi-square frequen-49
cy analysis (Snedecor and Cochran 1967, Hironaka 1985).Herbaceous
frequency and herbaceous cover data for each treatment were tested
for yearly differences.Treatment differences within year were not
tested for significance because of the low sample size (n=3 per
treatment).
Root count data in year 3 and 4 for orchardgrass were tested
for treatment differences using a repeated measures ANOVA for a
strip-strip-plot design, with defoliation treatment, sampling date,
and depth as factors.Years were analyzed separately.Repeated
measures factors in this model included sampling date and depth.The
univariate approach to repeated measures on 2 factors was used (Winer
1962).
Repeated measures ANOVA were used in this study when measure-
ments were repeatedly taken on the same experimental unit (plot,
conifer seedling, orchardgrass plant, or mini-rhizotron).Repeated
measures on the same experimental unit would be correlated, and a
repeated measures ANOVA accounted for the autocorrelation of measure-
ments taken on several sampling dates within a year or in successive
years.The general linear models (GLM) procedure of SAS (SAS Insti-
tute 1987) was used to perform the repeated measures ANOVA.The
univariate approach to repeated measures requires the satisfaction of
a sphericity assumption (associated with the covariance matrix) and
the multivariate approach does not.Except for the orchardgrass root
data, the multivariate approach was used because the sphericity
condition was probably not met for the following reasons taken from
Moser et al. (1990): a) the sampling dates within a year, or, the
successive years, could not be randomized; and b) within the repeated
measures factor, the correlations among the repeated measures were
probably not the same between each successive pair of measures.Upon
detection of significant F-ratios for interactions, univariate ANOVA
was computed on each sampling date or year to test for treatment50
differences (what Winer (1971) refers to as testing the simple main
effects).51
RESULTS
Browsing of Marked Conifer Seedlings
Years 1 and 2 (1986-1987)
From planting time until early September of year 1, a period
including the first grazing application, browsing of terminal shoots
on Douglas-fir and ponderosa pine seedlings among treatments ranged
from 15.6 to 25.0%, and 6.0 to 6.5%, respectively.Browsing of
lateral shoots of both species was lower compared with terminal
shoots (Tables 2,3).Although not tested for significance, browsing
levels during this period on both species were not much different
between the SG and NG (cattle-grazed), and PM/C and SU (no cattle
grazing) treatments.Thus, it appeared that the majority of browsing
on all treatments from planting time until early September of year 1
was caused by wildlife, especially black-tailed deer (Odocoileus
hemionus columbianus) and elk.
Browsing of both conifer species by cattle was also very minor
during the late September (second) grazing application (Tables 2,3),
despite very low availability of alternative forage.Aboveground
phytomass production averaged only 246 and 42 kg/ha on the SG and NG
treatments, respectively, immediately before the second grazing ap-
plication (Table 4).Aboveground phytomass utilization by cattle
averaged 52% on the SG treatment and 33% on the NG treatment (Table
4), where a sedge (Carex sp. L.) was almost the only species present.
Because of low forage availability, stocking densities were corre-
spondingly low during both grazing applications (Table 1).
From October of year 1 through March of year 2 (winter),
wildlife browsing among treatments was negligible on ponderosa pine
seedlings but more severe on Douglas-fir seedlings in the unseeded
treatments (Tables 2,3), especially the NG treatment.Winter forage
availability, and probably quality, was lower on the unseeded treat-
ments.Aboveground phytomass production on the NG treatment was aTable 2.Percent of Douglas-fir seedlings browsed of terminal (T) and lateral (L) shoots
on the 4 treatments of the study area in years 1-4 (1986-1989).
Treatment
PM/C1 NG2 SG2 SU1
Year Month T L T L T L T L
1 Early 15.6 1.6 25.0 4.9 16.1 3.6 17.3 3.2
Sept.3
Late 0 0 1.4 0 2.2 0 0 0
Sept.4
2 Mar.5 3.2 11.3 26.2 17.5 0.8 0 2.2 0
May6 0 0 5.8 5.8 34.2 30.7 0 0
July4 0 0 0 0 0 0 0 0
Aug.7 0 0 0 0 25.4 33.8 0 0
3 Mar.5 0 0 0 0 0 0 6.5 5.6
Apr.6 0 0 2.8 5.6 6.0 8.0 0 0
May4 0 0 1.4 0 0 0 0 0
June7 0 0 7.4 5.9 0 2.2 0 0
4 Mar.5 0 0 2.0 0 0 3.0 0 0
May6 0 0 2.2 4.4 0 0 0 0
June4 0 0 0 0 0 0 0 0
July7 0 0 0 0 0 0 0 0
1 Browsing in this treatment assumed to be wildlife-attributable.
2 Browsing in this treatment assumed to be cattle-attributable, except where noted.
3 Includes browsing (cattle plus wildlife on NG and SG treatments) occurring from planting
time through first grazing application (late May) until early September.
4 After second grazing application.
5 Winter browsing; wildlife-attributable on all treatments.
6 After first grazing application.
7 After third grazing application.Table 3.Percent of ponderosa pine seedlings browsed of terminal (T) and lateral (L)
shoots on the 4 treatments of the study area in years 1-4 (1986-1989).Year 3
and 4 browsing percentages included shoot breakage by cattle or wildlife.
Year
Treatment
Month
PM/C1
T L T
NG2
L T
SG2
L
SU1
T L
1 Early 6.2 2.8 6.4 4.7 6.0 2.4 6.5 6.5
Sept.3
Late 0 0 1.2 0 0 0 0 0
Sept.4
2 Mar.5 0.6 0 1.2 0 0.6 0 1.6 0
May6 0 0 4.2 3.6 28.9 22.3 0 0
July4 0 0 0 0 0 0 0 0
Aug.7 0 0 0 0 85.1 57.8 0 0
3 Mar.5 0 0 1.2 0 0 0 2.2 1.1
Apr.6 0 0 7.3 3.6 15.0 2.5 0 0
May4 0 0 0 0 5.0 1.9 1.7 0.6
June7 0 0 0.6 0.6 2.5 0 0 0
4 Mar.5 0 0 0 -0 0.6 0 0 0
May6 3.4 0.7 0.6 0 7.7 1.3 0.6 0
June4 0 0 0 0 0 0 0 0
July7 0 0 0 0 0 0 0 0
1 Browsing in this treatment assumed to be wildlife-attributable.
2 Browsing in this treatment assumed to be cattle-attributable, except where noted.
3 Includes browsing (cattle plus wildlife on NG and SG treatments) occurring from planting
time through first grazing application (late May) until early September.
4 After second grazing application.
5 Winter browsing; wildlife-attributable on all treatments.
6 After first grazing application.
kil
7 After third grazing application. c.,)54
Table 4.Mean aboveground phytomass production in kg/ha (SE)
on the cattle-grazed treatments of the study area
before and after grazing applications, and percent
utilization, in years 1-4 (1986-1989).
Date Treatment n Production Utilization
1986
Sep. 21' SG 50 246(40.7)
Sep. 272 SG 50 118(15.6) 52.0
Sep. 21' NG 50 42(13.1)
Sep. 272 NG 50 28(6.5) 33.3
1987
May 23 SG 40 725(69.8)
May 224 SG 50 337(45.9) 53.5
June 301 SG 50 265(28.3)
July 82 SG 50 274(29.5) 0
July 51 NG 50 505(35.6)
July 82 NG 49 359(31.5) 28.9
Aug. 55 SG 50 427(33.4)
Aug. 136 SG 50 315(30.7) 26.2
1988
Apr. 133 SG 40 685(64.1)
Apr. 274 SG 30 344(30.7) 49.8
May 16' SG 30 585(58.8)
May 222 SG 30 306(30.2) 47.7
May 18' NG 30 419(45.1)
May 232 NG 20 489(66.6) 0
June 85 SG 30 480(46.0)
June 176 SG 30 213(21.0) 55.6
1989
Apr. 283 SG 30 500(50.0)
May 44 SG 29 256(22.8) 48.8
May 33 NG 20 549(54.1)55
Table 4.Continued.
Date Treatment n Production Utilization
May 44 NG 10 392(37.7) 28.6
June 2' SG 29 544(73.8)
June 112 SG 29 415(36.9) 23.7
June 91 NG 29 657(53.0)
June 132 NG 29 506(45.5) 23.0
July 65 SG 30 444(18.7)
July 106 SG 30 290(18.2) 34.7
July 95 NG 30 626(70.0)
July 116 NG 29 496(31.4) 20.8
1 Before second grazing application.
2 After second grazing application.
3 Before first grazing application.
4 After first grazing application.
5 Before third grazing application.
6 After third grazing application.56
scant 28 kg/ha in late September of year 1 (Table 4), much lessthan
the late-September production on the SG treatment.In October of
year 1, vexar tubing was placed around each Douglas-fir seedlingon
the PM/C treatment by BLM personnel, yet browsingon these seedlings
was greater than on the unprotected Douglas-fir seedlings in the
seeded treatments.Browsing was restricted to occasional branches
protruding from the tubing.After March, wildlife browsing was not
detected.
Substantial browsing by cattle occurred during the first
grazing application in year 2, especially in theSG treatment (Tables
2,3).The majority of browsing occurred from May 4-13,a period when
salt and trace mineral were not provided.From casual cattle obser-
vations, some browsing was attributable to the bulls (2) inthe herd.
Salt and trace mineral were provided on May 13 when cattlewere moved
to the NG treatment.Browsing subsequently occurred in the NG
treatment also, but severity was much less here compared withthe
earlier damage in the SG treatment.Cattle grazed the SG treatment
again from May 15-22, and essentially no additionalbrowsing was
recorded.Aboveground phytomass production on the SG treatment
exceeded 700 kg/ha on May 2 (Table 4), before grazing commenced.
Aboveground phytomass utilization by cattleon the SG treatment was
only 53% by May 22 (Table 4), the end of the grazing application.
Browsing on either species in the cattle-grazed treatmentswas
not detected during the second grazing application inyear 2 (Tables
2,3), despite relatively lower forage availability (<300 kg/hain the
SG treatment, Table 4) compared with the first grazing application.
Salt and trace mineral were provided in both treatments.Cattle
consumption of forage in the SG treatment was innear equilibrium
with production, because no utilization was detected (Table 4).
Aboveground phytomass utilization by cattle in the NGtreatment only
reached 29%.57
Unusually high precipitation fell from July 18-22 in year 2
(Table 5), and a third grazing application was deemed necessary
because the seeded grasses regrew rapidly.During this third appli-
cation, browsing by cattle was again substantial on both conifer
species in the SG treatment (Tables 2,3).Browsing of ponderosa pine
seedlings was more severe compared with Douglas-fir seedlings.
Heifers recently removed from a low species diversity, subirrigated
pasture (Anderson, pers. comm., 1987) were used for this grazing
application.Although aboveground phytomass production on the SG
treatment exceeded 400 kg/ha before grazing started (Table 4), and
laboratory analyses of the forage indicated sufficient digestibility
(unpublished data), heifers browsed seedlings on the first day of
grazing.Both current-year needles and shoots of pine seedlings were
consumed (Fig. 5).Aboveground phytomass utilization by the heifers
only reached 26% at the end of this grazing application (Table 4).
Salt and trace mineral were not provided during this grazing applica-
tion either.
Year 3 (1988)
From October of year 2 through March of year 3 (winter),
wildlife browsing on either species was minor and restricted mainly
to the SU treatment (Tables 2,3).Browsing was minor despite consi-
derable cropping of the seeded grasses by black-tailed deer (winter-
long) and elk (until early January when the hotwire was erected).
From casual observation, stubble height of seeded grasses in the SG
treatment was only 5 cm in early January.After March, wildlife
browsing was negligible.
During the first grazing application of year 3, Douglas-fir
seedlings were initiating bud burst and ponderosa pine terminal and
lateral shoots were extremely brittle.Browsing on Douglas-fir
seedlings was minor on the cattle-grazed treatments (Table 2).
Terminal shoots were damaged on 15% of ponderosa pine seedlings in58
Table 5.Monthly precipitation (cm) at Lost Creek Dam in Jackson
County, Oregon from January of year 1 (1986) to August of
year 5 (1990).
Month
Year
1 2 3 4 5
Jan. 11.53 13.49 12.07 13.06 14.20
Feb. 23.50 9.96 1.47 4.65 8.61
Mar. 6.63 8.10 6.53 16.94 7.57
Apr. 3.71 0.91 5.87 9.78 2.97
May 5.97 2.03 6.60 5.03 7.52
June 0.08 0.18 4.29 2.06 1.80
July 0.18 8.00 0.00 0.18 0.46
Aug. 0.00 0.00 0.05 4.14 5.38
Sep. 10.39 0.00 1.68 4.01
Oct. 4.78 0.00 0.36 5.82
Nov. 11.48 7.87 27.38 4.09
Dec. 4.65 20.27 8.56 3.12
Total 82.88 70.82 74.85 72.8759
Fig. 5.Ponderosa pine seedling in early September of
year2,showingcurrent-yearneedlesand
terminal shoot browsed by heifers.60
the SG treatment (Table 3), but most of this damagewas caused by
inadvertent shoot breakage from cattle movements (Fig. 6), rather
than browsing.
Browsing of Douglas-fir seedlings in the cattle-grazed treat-
ments during the second grazing application was negligible (Table 2).
Browsing of terminal shoots was detected on only 5% of pineseedlings
in the SG treatment (Table 3).During the third grazing application,
browsing of Douglas-fir seedlings was detected mainlyon the NG
treatment and was considered minor.Browsing of pine seedlings was
negligible.
Although aboveground phytomass utilization in the SG treatment
during year 3 grazing applications was generally higher than inyear
2 grazing applications (Table 4), year 3 browsing in thistreatment
was reduced considerably compared with year 2.Salt and trace
mineral were provided for all year 3 grazing applications.Except
for 2 bulls used during the second grazing application, onlycows
with nursing calves or dry cows were permitted tograze (Table 1).
Year 4 (1989)
Wildlife browsing of either species from October ofyear 3
through March of year 4 (winter), or after, was minoramong treat-
ments (Tables 2,3).Again, seeded grasses were cropped considerably
by black-tailed deer (winter-long) and elk (until the hotwirewas
erected in early December of year 3).Stubble height of the seeded
grasses in the SG treatment in early December was about 5 cm.
Cattle-attributable browsing of either species in year 4was
only detected during the first grazing application (Tables 2,3).
Browsing was minor, resulting mostly from shoot breakageon pine
seedlings.By year 4, terminal shoots of most pine seedlings exceed-
ed the height at which cattle or wildlife breakage was likely.Salt
and trace mineral were provided for all year 4 grazing applications.
Only cows with nursing calves or dry cows were permitted tograze61
Fig.6.Ponderosa pine seedling in April of year 3,
showing terminal shoot breakage from cattle
movements.62
(Table 1).Aboveground phytomass utilization in the SG treatment
approached 50% during the first grazing application but decreased
considerably in the second and third applications (Table 4).Stock-
ing density in the first grazing application was almost twice that of
the second and third (Table 1).
Cambial Stem-scarrina of Marked Conifer Seedlinas
For the duration of this study, cattle-attributable, cambial
stem-scarring of conifer seedlings was more frequently detected than
wildlife-attributable, cambial stem-scarring (Table 6).During the
first winter, wildlife-attributable cambial stem-scarring was negli-
gible on either species.Generally, during each grazing application,
cambial stem-scarring percentages were higher for both conifer
species in the SG treatment compared with the NG treatment.
Tramplina of Marked Conifer Seedlinas
Wildlife trampling of Douglas-fir or ponderosa pine seedlings
was negligible, even in year 1 when seedling stems were most suscep-
tible because of their small diameter.Cattle trampling was detected
more frequently, but was still minor.Only 7.7 and 1.8% of ponderosa
pine seedlings were trampled by cattle in year 1 on the SG and NG
treatments, respectively.No Douglas-fir seedlings were trampled by
cattle in year 1 on the NG treatment, and only 6.6% were trampled on
the SG treatment.After year 1, cattle trampling of either species
was negligible.In summary, trampling of conifer seedlings was not
severe in extent or frequency.Most of the recorded trampling was
cattle-attributable, and it occurred mainly in year 1.Table 6.Percent of Douglas-fir (DF) and ponderosa pine (PP) seedlings cambially stem-
scarred on the 4 treatments of the study area in years 1-4 (1986-1989).
Year Month
Treatment
PM/C1
DF PP
NG2
DF PP DF
SG2
PP
SU1
DF PP
1 Early 2.3 0 8.3 0 9.5 1.2 0 0
Sep.
Late 0 0 0 0 0.7 0.6 0 0
Sep.4
2 Mar.5 0 0 6.3 0.6 7.3 1.2 8.7 0
May6 1.6 0 5.8 9.5 8.6 14.4 0 0
July4 0 0 4.5 3.6 0 9.0 0 0
Aug.7 0 0 0 0 5.6 9.9 0.9 0
3 Mar.5 0 0 0 0 0 0 0 0
Apr.6 0 0 7.0 7.3 14.0 20.6 0 0.6
May4 0 0 1.4 3.0 8.3 8.2 0 0
June7 0 0 7.4 2.4 2.2 1.9 0 0
4 Mar.5 0 0 0 0 0 0 1.0 1.1
May6 0 0 0 0.6 0 3.8 1.0 1.1
June
4 0 0 0 0 0 2.6 0 0
July7 0 0 0 0 0 3.2 0 0
1 Cambial stem-scarring in this treatment assumed to be wildlife-attributable.
2 Cambial stem-scarring in this treatment assumed to be cattle-attributable, except where
noted.
3 Includes cambial stem-scarring (cattle plus wildlife on NG and SG treatments) occurring
from planting time through first grazing application (late May) until early September.
4 After second grazing application.
5 Winter cambial stem-scarring; wildlife-attributable on all treatments.
6 After first grazing application.
7 After third grazing application.64
Porcupine Girdling of Marked Conifer Seedlings
Porcupine girdling of ponderosa pine seedlings was first
detected in the summer of year 2 within the PM/C treatment and
continued through year 3.Girdling was detected on all treatments
but was restricted almost exclusively within the PM/C treatment.In
this treatment, 77 of 173 (44.5%) marked pine seedlings still alive
by the summer of year 2 were porcupine-girdled; 36 were totally-
girdled and 41 were partially-girdled.After year 3, girdling was
not detected because porcupines were trap-removed from thearea by a
federal trapper in the fall of year 2.For the duration of this
study, no Douglas-fir seedlings were porcupine-girdled.
Frost Incidence on Marked Conifer Seedlings
Ponderosa pine seedlings were extremely frost-tolerant; onlya
few seedlings sustained frost damage in each of theyears 2-4 from
late-spring frosts.Douglas-fir seedlings were much less frost-
tolerant.Frost damage on Douglas-fir seedlings was detected after
frost events occurring on May 19-21 of year 2, May 30 ofyear 3, and
May 19-20 of year 4.Seedlings were actively growing by these dates,
as bud burst commenced by mid to late April in each of these years.
Initially, frost damage appeared as turgor loss of affected foliage.
Subsequently, foliage color changed from green to red and then brown.
Current year's growth was most susceptible to damage (Fig. 7).Frost
damage on either species was not detected in year 1, although temper-
atures below 0 °C occurred as late as May 1 at Lost Creek Dam.Planted
Douglas-fir seedlings did not reach the bud-burst stage of phenology
until late May of year 1 (Doescher, pers. comm., 1986).
Generally, greater than 50% of the Douglas-fir seedlings within
each treatment sustained some frost damage in each of theyears 2-4
(Table 7).Treatment differences were significant in year 2 and 3,
but not year 4.Fewer seedlings were frost-damaged in the SU treat-65
Fig. 7.Douglas-fir seedling in July of year 2, showing
almost complete destruction of current year's
growth from late-spring frost.66
Table 7.Back-transformed, percent treatment means (n=11 to 15) of
Douglas-fir seedlings sustaining some frost damage in years
2-4 (1987-1989).
Treatment
Year
2 3 4
PM/C 77.4a1 80.5a 97.6a
NG 65.8ab 78.3a 100.0a
SG 64.8ab 35.4b 93.9a
SU 54.7b 74.3a 98.9a
1Means within columns followed by the same letter did not differ
significantly at P=0.05.Because of unequal replication, SE's used
for mean separations were computed separately for each difference
between 2 arcsine-transformed treatment means within a year, and
were not reported here.67
ment compared with the PM/C treatment in year 2.Fewer seedlings
were frost-damaged in the SG treatment compared with the remaining
treatments in year 3.Almost every Douglas-fir seedling on the study
area sustained some frost damage in year 4.
Among treatments, it appeared that the severity of the frost
damage to current year's growth was greater in years 2 and 4 than in
year 3.There was an association between treatment and frost-damage
class (1-25, 26-50, 51-75, or 76-100%) in year 2 and year 4, but not
in year 3.In year 2, seedlings in the SU treatment sustained less
severe damage to current year's growth compared with seedlings in the
remaining treatments, while seedlings in the PM/C treatment sustained
the most severe damage.For year 2, both the percentage of frost-
damaged seedlings (Table 7) and the severity of the damage were least
in the SU treatment and greatest in the PM/C treatment.In year 4,
trends were not obvious, but it appeared that proportionally more
seedlings in the seeded treatments had sustained severe damage (76-
100% class) than seedlings in the unseeded treatments.
Conifer Seedling Mortality, Including Probable Causes
Ponderosa Pine
Mortality of ponderosa pine seedlings (Table 8) ranged from 7.1
to 14.1% among treatments at the end of year 1, with no significant
treatment differences detected.Among treatments, only 1.1% of the
dead seedlings from year 1 had sustained animal impacts.Whether
caused by cattle or wildlife, browsing of terminal and lateral
growth, cambial stem-scarring, and trampling were not apparent causal
factors in ponderosa pine mortality in year 1.
Seedling mortality in years 2-4 was not associated with tramp-
ling of seedlings in year 1.Year 4 mortality of seedlings that were
trampled in year 1 was 11.8%, only slightly higher than the 8.4% for
seedlings that were not trampled in year 1.68
Table 8.Back-transformed, percent treatment means (n=15) of pon-
derosa pine seedling mortality in years 1-5 (1986-1990).
Year
Treatment 1 2 3 4 5
PM/C 10.3a1 14.4ab 24.2a 25.2a 25.2a
NG 14.1a 15.7ab 17.2ab 18.2a 18.2a
SG 13.8a 17.4a 19.5a 20.5a 21.0a
SU 7.1a 9.1b 10.6b 11.1b 11.1b
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=4.34 for comparison of 2 arcsine-trans-
formed treatment means within a year.69
Seedling mortality in years 2-4 was not associated with brow-
sing sustained in year 2.Among treatments in year 2, 172 seedlings
were browsed of terminal shoots, lateral shoots, or both, but only
1.7% died that year.Only an additional 2.3% of these seedlings died
by the end of year 4.In addition to being browsed, 32.0% of these
172 seedlings were cambially stem-scarred in year 2, providing evi-
dence that survival in years 2-4 was not adversely affected by stem
scarring either.
Browsing (including shoot breakage) and cambial stem-scarring
continued to occur in years 3 and 4, and by the end of year 4 some
seedlings had been browsed and/or cambially stem-scarred more than
once.Among treatments, 70 and 22 seedlings were browsed of terminal
and/or lateral shoots in years 3 and 4 respectively, and all had
survived through year 4.In addition to being browsed in year 3, 15
of the 70 seedlings were cambially stem-scarred that year.Browsing
and cambial stem-scarring occurring in years 3 and 4 did not adverse-
ly affect survival through year 4.
Late-spring frost occurring in years 2-4 was not a causal
factor in seedling mortality.Only 1 of these frost-damaged seed-
lings died, presumably because of the frost damage.
Seedling mortality in years 2-4 was associated with total
girdling of stems by porcupines, but was not associated with partial
girdling of stems.For seedlings dying in years 2-4, 51.7% had been
totally-girdled.Totally-girdled seedlings did not survive unless a
live, base branch remained below the girdle.Partially-girdled
seedlings almost always survived; only 2.4% died by the end of year
4.Total girdling of stems by porcupines was the main causal factor
in ponderosa pine seedling mortality in years 2-4.
By year 2, significant treatment differences were detected for
seedling mortality (Table 8).Porcupine girdling was responsible for
the higher mortality detected in the PM/C treatment in years 3-5.In
years 4 and 5 mortality was less in the SU treatment compared with70
the remaining treatments.Among treatments, essentially no seedling
death occurred from year 4 to 5.By the end of year 5, survival of
ponderosa pine seedlings was excellent on all treatments, and much
higher compared with survival of Douglas-fir seedlings (see Table 9).
Douglas-fir
Average mortality of Douglas-fir seedlings (Table 9) ranged
from 20.1 to 28.3% among treatments at the end of year 1, with.no
significant differences detected.None of the dead Douglas-fir
seedlings from year 1 had sustained animal impacts.Therefore,
whether caused by cattle or wildlife, browsing of terminal and later-
al growth, cambial stem-scarring, and trampling were not causal
factors in Douglas-fir seedling mortality in year 1.
In year 4 several recently dead Douglas-fir seedlings were
located and unearthed for observation.All appeared healthy in year
3.Upon examination, all possessed J-rooted systems (Fig. 8).
Although J-rooting was not quantified in this study, J-root placement
of seedling root systems at planting time was probably causal in year
1 and subsequent year mortality of Douglas-fir and ponderosa pine
seedlings.
Seedling mortality in years 2-4 was not associated with brow-
sing of terminal shoots or trampling occurring in year 1 by cattle or
wildlife.Through year 4, survival of seedlings terminally-browsed
in year 1 was slightly higher (42.3%) than survival of seedlings not
terminally-browsed in year 1 (34.2%).Despite the nonsignificant
association between trampling in year 1 and subsequent seedling
mortality, it was apparent that trampled seedlings eventually died.
Cattle trampled 9 seedlings in year 1 and all had died by year 4.In
contrast to frost (see below), the contribution of trampling to
seedling mortality in years 2-4 was minor.
Browsing of terminal and lateral shoots and cambial stem-
scarring occurred after year 1 also, but the contribution of these71
Table 9.Back-transformed, percent treatment means (n=15) of
Douglas-fir seedling mortality in years 1-5 (1986-1990).
Year
Treatment 1 2 3 4 5
PM/C 28.1a1 43.8b 62.9b 77.5a 79.2a
NG 26.9a 54.8ab 70.0b 76.6a 77.7a
SG 28.3a 65.4a 82.2a 85.9a 86.9a
SU 20.1a 42.3b 48.4c 54.1b 57.2b
1Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=10.85 for comparison of 2 arcsine-
transformed treatment means within a year.72
Fig. 8.Douglas-fir seedling planted in March of year
1 and unearthed in year 4,showing deformed
roots (J-roots).73
factors to Douglas-fir seedling mortality in years 2-4 was confounded
with the contribution of frost occurring in these years (Table 7).
Adding to the difficulty in separating the contributions of these
factors to seedling mortality was the lack of control seedlings (i.e.
those with no history of animal impacts or frost damage) for compari-
son.
Regardless of animal impacts the seedlings had sustained, it
appeared that as the percentage of frost damage to current year's
growth increased, the probability of surviving that damage decreased.
For seedlings in the 1-25, 26-50, 51-75, or 76-100% damage classes in
year 2, respective survival percentages by year 4 were 70.6, 66.7,
45.6, and 18.2.In comparison, survival through year 4 was 46.0% for
seedlings that had sustained no frost damage in year 2.The above
provides some evidence that in their second year, Douglas-fir seed-
lings frost-damaged in the 1-25, 26-50, and 51-75% classes were able
to survive as well or better than seedlings sustaining no frost
damage whatsoever.Also, in year 2, only when nearly all of the
current year's growth was damaged on a seedling was its probability
of surviving reduced compared with seedlings with no frost damage.
As seedlings aged, their probability of surviving severe frost
damage increased.In year 4, 153 seedlings among treatments sus-
tained frost damage in the 51-75 or 76-100% classes, but only 6.5%
died by the end of year 5.
Significant treatment differences for seedling mortality were
detected beginning in year 2 (Table 9).Mortality of seedlings in
the SU treatment was less than seedlings in the other treatments in
years 3-5.Seedlings in the SU treatment sustained less severe frost
damage and almost no animal impacts.Compared with ponderosa pine,
cumulative survival of Douglas-fir seedlings was poor in all treat-
ments.Although J-rooting, trampling, and possibly browsing and
cambial stem-scarring contributed to seedling mortality, frost74
appeared to be the major causal factor in seedling mortality in years
2-4.
Conifer Seedling Growth Through Year 5 (1990)
Ponderosa Pine
a. Basal stem diameter
Treatment differences in absolute basal stem diameter (Fig. 9)
were significant in year 1, and a significant treatment X year
interaction was detected for years 2-5.Year 1 stem diameter of SU
seedlings averaged almost 1 mm greater than the next highest stem
diameter, but by year 5 the stem diameter of SU seedlings was lower
compared with the remaining treatments.Stem diameter of NG seed-
lings was greater compared with seedlings in the other treatments
from years 3-5.Beginning in year 4, stem diameter for seedlings in
the unseeded treatments was greater compared with seedlings in the
seeded treatments.
For years 3-5 a significant treatment X year interaction was
detected for mean relative growth rates for stem diameter (RGRd).
Year 3 RGRt was substantially lower for SG seedlings compared with
seedlings in the other treatments (Fig. 10).Severe browsing sus-
tained by the SG seedlings during the August grazing application of
year 2 (Table 3) probably contributed to the low year 3 RGRd.By year
4 however, RGRd for SG seedlings increased substantially compared with
the other treatments, providing evidence that severe browsing result-
ed in only a short-term reduction in RGRd compared with seedlings not
sustaining such browsing.Among treatments from year 3 through 5,
RGRd for SU seedlings was consistently low.Peak aboveground standing
crop on the SU treatment averaged 2282 and 1085 kg/ha in years 3 and
4, respectively, much higher than the other treatments.The in-
creased herbaceous competition on this treatment probably contributed
to the low RGRd.60.0
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Fig. 9.Treatment means (n=15) for absolute basal stem diameter (mm) of ponderosa pine seedlings
in years 1-5 (1986-1990).Standard errors are shown about each mean unless too small
to be graphically depicted.0.5
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Fig. 10.Treatment mean relative growth rates (n=15) for basal stem diameter (RGRd, mm mm' yr4)
of ponderosa pine seedlings in years 3-5 (1988-1990).Standard errors are shown about
each mean unless too small to be graphically depicted.77
b. Height
The height response of seedlings among treatments and years was
similar to the response in basal stem diameter.Treatment differen-
ces in absolute height (Fig. 11) were nonsignificant in year 1, but
the treatment X year interaction for years 2-5 was significant.
Height of SG seedlings averaged 8 cm less than the next lowest height
in year 2, and remained lower than seedlings in the other treatments
through year 5.Beginning in year 4, height of seedlings in the
unseeded treatments was greater compared with seedlings in the seeded
treatments.By year 5, average height of seedlings in all treatments
exceeded 1 m, and height of NG seedlings was the greatest.
For years 3-5, a significant treatment X year interaction was
detected for mean relative growth rates for height (RGRh).Year 3
RGRb was much lower for SG seedlings compared with seedlings in the
other treatments (Fig. 12).As mentioned previously for RGRd, severe
browsing sustained by SG seedlings in year 2 also contributed to the
low year 3 RGRh.RGRh declined in all treatments except the SG
treatment from year 3 to 4, and in year 5, RGRh of SG seedlings was
much greater compared with the remaining treatments.Thus, as
reported for RGRd, severe browsing in year 2 appeared to result in
only a short-term reduction in RGRh.Similar to RGRd, RGRh of SU
seedlings in year 4 and 5 was lower compared with seedlings in the
other treatments.Again, herbaceous competition in this treatment
probably contributed to the low RGRh.Although year 5 absolute height
of SG seedlings was less compared with seedlings in the other treat-
ments, SG seedlings at this time were outperforming all others in
height growth.Height of SG seedlings was 28.6% less than SU seed-
lings in year 3, but only 7.7% less in year 5.180.0
160.0
140.0
120.0
100.0
80.0
60.0
40.0
20.0
0.0
o oPM/C
NG
SG
SU
1 2 3 4 5
YEAR
Fig. 11.Treatment means (n=15) for absolute height (cm) of ponderosa pine seedlings in years
1-5 (1986-1990).Standard errors are shown about each mean unless too small to be
graphically depicted.E
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Fig. 12.Treatment mean relative growth rates (n=15) for height(RGRh, cm cm' yr4) of ponderosa
pine seedlings in years 3-5 (1988-1990).Standard errors are shown about each mean
unless too small to be graphically depicted.80
c. Stem Volume
The stem volume response of seedlings among treatments and
years generally paralleled the basal stem diameter and height re-
sponses, because stem volume integrated these 2 parameters.Signifi-
cant treatment differences in absolute stem volume were detected in
year 1, and for years 2-5, the treatment X year interaction was
significant.Beginning in year 2, absolute stem volume of NG seed-
lings was greater compared with seedlings in the other treatments
(Fig. 13), averaging over twice the stem volume of seedlings in the
seeded treatments in year 5.Stem volume of seedlings in the seeded
treatments was nearly equal in year 5, and less compared with seed-
lings in the unseeded treatments.
A significant treatment X year interaction for years 3-5 was
detected for mean relative growth rates for stem volume (RGR).Not
surprisingly, RGR, for SG seedlings in year 3 was less compared with
seedlings in the other treatments (Fig. 14).RGR, then declined
steadily from year 3 to 5 for all treatments except SG.By year 5,
RGRV for SG seedlings was greater compared with seedlings in the other
treatments.Because of this relatively greater volume growth, ab-
solute stem volume of SG seedlings equaled SU seedlings by year 5.
From year 3 to 5 the RGR, for NG and PM/C seedlings were nearly
equivalent and greater than the RGIqs, for SU seedlings.
Douglas-fir
In contrast to ponderosa pine seedlings, within-treatment
variability in basal stem diameter, height, and stem volume measure-
ments was much greater for Douglas-fir seedlings.Frost damage, in
particular, probably contributed to the greater variability.Frost
damage was pervasive among treatments but its severity was not
uniform among treatments, therefore growth differences reported here1 .0E4
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Fig. 13.Treatment means (n=15) for absolute stem volume (cm3, log scale) of ponderosa pine
seedlings in years 1-5 (1986-1990).Standard errors were too small to be graphically
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Fig. 14.Treatment mean relative growth rates (n=15) for stem volume (RGR,cm3 cm3 yr4) of
ponderosa pine seedlings in years 3-5 (1988-1990).Standard errors are shown about each
mean.83
were not truly indicative of differences in growing conditions among
the treatments.
a. Basal stem diameter
Significant treatment differences in absolute basal stem
diameter were detected in years 2, 4, and 5, but a trend among
treatments was not apparent until year 4.In year 4, stem diameter
averaged almost 5 mm greater for NG seedlings compared with the next
highest stem diameter (Fig. 15), and NG stem diameter remained
highest among all treatments in year 5.Treatment differences among
the 3 remaining treatments were nonsignificant in years 4 and 5.
Significant treatment differences in mean relative growth rates
for stem diameter (RGRd) were detected in years 3, 4, and 5.Among
treatments within each year, RGRd for NG seedlings was consistently
among the highest, while RGRd for SU seedlings was consistently among
the lowest (Fig. 16).By year 5, RGRd for SU seedlings was much lower
compared with seedlings in the other treatments.Treatment differ-
ences among the 3 remaining treatments were nonsignificant in year 5.
b. Height
Significant treatment differences for absolute height were
detected in years 2 and 4.Height of SG seedlings averaged 4.3 cm
less than the next lowest height in year 2, and SG height actually
decreased 4.3 cm from year 1 to 2 (Fig. 17), because of severe frost
damage and collateral browsing.Very little height growth was
detected for seedlings on the other treatments from year 1 to 2.
Treatment differences for mean relative growth rates for height
(RGRh) were nonsignificant in years 3-5.Large within-treatment
variability was present.RGRt declined in all treatments from year 3
to 4, and increased substantially only in the SG treatment from year
4 to 5 (Fig. 18).30.0
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Fig.15.Treatment means (n=11 to 15) for absolute basal stem diameter (mm) of Douglas-fir
seedlings in years 1-5 (1986-1990).Standard errors are shown about each mean unless
too small to be graphically depicted.
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Fig. 16.Treatment mean relative growth rates (n=11 to 15) for basal stem diameter (RGRd, mmmm-1
yr-1) of Douglas-fir seedlings in years 3-5 (1988-1990).Standard errors are shown about
each mean.90.0
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Fig. 17.Treatment means (n=11 to 15) for absolute height (cm) of Douglas-fir seedlings in years
1-5 (1986-1990).Standard errors are shown about each mean unless too small to be
graphically depicted.0.4
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Fig. 18.Treatment mean relative growth rates (n=11 to 15) for height (RGRh, cm cm'' yr4) of
Douglas-fir seedlings in years 3-5 (1988-1990).Standard errors are shown about each
mean.88
c. Stem Volume
Comparing treatments, large numerical differences in absolute
stem volume were apparent by year 3 (Fig. 19), but similar to abso-
lute height, significant treatment differences were detected only in
years 2 and 4, because of high within-treatment variability.The
divergence in stem volume in years 4 and 5 between NG seedlings and
seedlings in the remaining treatments was notable however.
Significant treatment differences for mean relative growth
rates for stem volume (RGR,,) were only detected in year 4, when RGRs,
for seedlings in the PM/C and NG treatments (unseeded) were greater
compared with seedlings in the seeded treatments (Fig. 20).From
year 3-5, RGRV for SU seedlings was consistently low compared with
seedlings in the other treatments.
Water Relations of Conifer Seedlings and Orchardgrass, Including Soil
Moisture Content
Year 1 (1986)
Generally, on all sampling dates, predawn T of Douglas-fir and
ponderosa pine seedlings remained less negative than -1.0 MPa (Tables
10,11), while midday T of both species remained less negative than
-2.5 MPa (Tables 12,13).Among treatments, water stress levels for
both species generally remained relatively stable or increased from
late May until late August, then decreased substantially from late
August to late September.Precipitation at Lost Creek Dam from June
through August was only 0.26 cm (Table 5), while 3.71 cm fell from
September 15-23.
Significant sampling date X treatment interactions were detect-
ed for Douglas-fir predawn T, ponderosa pine predawn T, and ponderosa
pine midday T.A significant treatment main effect was detected for
Douglas-fir midday T.Trends among treatments for predawn T of both
species were believed to be unimportant (Tables 10,11).Among
sampling dates, midday T of NG, Douglas-fir seedlings was less nega-1000.0
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Fig. 19.Treatment means (n=10 to 15) for absolute stem volume (cm3, log scale) of Douglas-fir
seedlings in years 1-5 (1986-1990).Standard errors are shown about each mean unless
too small to be graphically depicted.1
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Fig. 20.Treatment mean relative growth rates (n=10 to 15) for stem volume (RGR, cm3 cm3 yr4) of
Douglas-fir seedlings in years 3-5 (1988-1990).Standard errors are shown about each
mean.91
Table 10.Treatment means (n=6) for predawn xylem pressure potential
(7, -MPa) for Douglas-fir seedlings in year 1 (1986).
Treatment
Date
May 28 July 2 July 29 Aug. 22 Sep. 23
PM/C
NG
SG
SU
0.43a'
0.34a
0.34a
0.33a
0.80ab
0.53c
0.87a
0.64bc
0.57b
0.69b
0.89a
0.74ab
0.78a
0.89a
0.77a
0.78a
0.37a
0.33a
0.35a
0.29a
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=0.091 for comparison of 2 treatment
means within the same date.
Table 11.Treatment means (n=6) for predawn xylem pressure potential
(11, -MPa) for ponderosa pine seedlings in year 1 (1986).
Date
Treatment May 28 July 2 July 29 Aug. 22 Sep. 23
PM/C 0.81a' 1.04a 0.76a 0.63b 0.41a
NG 0.49c 0.66c 0.78a 0.82a 0.45a
SG 0.44c 0.98ab 0.78a 0.84a 0.43a
SU 0.65b 0.84bc 0.85a 0.76ab 0.45a
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=0.078 for comparison of 2 treatment
means within the same date.92
Table 12.Treatment means (n=35) for midday xylem pressure potential
(7, -MPa) for Douglas-fir seedlings in year 1 (1986).
Treatment
PM/C
1.78abl
NG SG SU
1.74b 1.85a 1.87a
1 Means within the row followed by the same letter did not differ
significantly at P=0.05; SE=0.044 for comparison of 2 treatment
means.
Table 13.Treatment means (n=7) for midday xylem pressure potential
(T,-MPa) for ponderosa pine seedlingsin year 1(1986).
Date
Treatment May 27 July 1 July 28 Aug. 21 Sep. 22
PM/C 1.96a1 2.48a 2.28a 2.09a 1.83a
NG 2.12a 2.11b 1.85b 1.96a 1.68a
SG 1.82ab 2.28ab 2.08ab 2.15a 1.78a
SU 1.62b 2.19ab 2.29a 2.10a 1.70a
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=0.169 for comparison of 2 treatment
means within the same date.93
tive compared with seedlings in the seeded treatments (Table 12).
This same trend was not observed for ponderosa pine midday V; midday
treatment differences between NG seedlings and seedlings in the
seeded treatments were generally nonsignificant (Table 13).
Soil moisture content at the 0-10, 10-20, and 20-30 cm depths
generally decreased on all treatments from late May through August
(Tables 14-16).Sampling date X treatment interactions were signifi-
cant at each depth but trends among treatments were believed to be
unimportant.
Year 2 (1987)
During the growing season, very little precipitation fell from
April through June, followed by abnormally high precipitation in July
(7.95 cm from July 18-23), and no precipitation in August and Septem-
ber (Table 5).Seedling T became more negative for both species from
late June to mid-July.Immediately after the mid-July precipitation,
predawn and midday T for both species among treatments were generally
less negative than -1.0 MPa, steadily becoming more negative there-
after through early September (Tables 17-20).
A significant sampling date X treatment interaction was detect-
ed for Douglas-fir predawn T, but neither the sampling date X treat-
ment interaction or treatment main effect was significant for ponder-
osa pine predawn T.Predawn T of SU, Douglas-fir seedlings was more
negative compared with Douglas-fir seedlings on the other treatments
on September 4 (Table 17).Neither the sampling date X treatment
interaction or the treatment main effect was significant for Douglas-
fir midday T.For ponderosa pine midday T, a significant sampling
date X treatment interaction was detected, but trends among the
treatments were believed to be unimportant (Table 20).
For soil moisture content near the conifer seedlings, signifi-
cant sampling date X treatment interactions were detected at the 0-10
(Table 21), 20-30 (Table 23), and 30-40 (Table 24) cm depths, but94
Table 14.Treatment means (n=5)
0-10 cm depth in year
for percent soil moisture content at
1 (1986).
Date
Treatment May 27 July 2 July 29 Aug. 22
PM/C 28.5a' 12.9c 20.1a 12.3b
NG 27.6a 19.0b 17.1ab 18.6a
SG 24.6ab 23.9a 12.8b 11.0b
SU 22.7b 22.5ab 14.5b 15.5ab
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=2.27 for comparison of 2 treatment
means within the same date.
Table 15.Treatment means (n=5)
10-20 cm depth in year
for percent soil moisture content at
1 (1986).
Date
Treatment May 27 July 2 July 29 Aug. 22
PM/C 27.8b' 19.2b 20.9a 17.4ab
NG 30.5ab 24.0ab 21.4a 21.7a
SG 34.1a 22.5ab 16.9a 16.3b
SU 29.0b 24.2a 20.3a 20.1ab
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=2.40 for comparison of 2 treatment
means within the same date.95
Table 16.Treatment means (n=5)
20-30 cm depth in year
for percent soil moisture content at
1 (1986).
Date
Treatment May 27 July 2 July 29 Aug. 22
PM/C 25.3b1 22.2bc 22.5ab 18.6b
NG 28.4ab 24.6ab 21.3ab 24.0a
SG 28.8a 19.6c 19.8b 18.1b
SU 27.2ab 25.6a 22.9a 23.3a
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=1.54 for comparison of 2 treatment
means within the same date.96
Table 17.Treatment means (n=7) for predawn xylem pressure potential
(T, -MPa) for Douglas-fir seedlings in year 2 (1987).
Treatment
Date
June 25July 10July 23Aug. 4Aug. 21 Sep. 4
PM/C 0.96bc1 1.64a 0.61a 0.80a 0.76b 1.24b
NG 0.70c 1.83a 0.49a 0.58a 0.82ab 1.16b
SG 1.14ab 1.66a 0.56a 0.64a 1.04a 1.38b
SU 1.24a 1.64a 0.59a 0.60a 0.96ab 1.79a
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=0.137 for comparison of 2 treatment
means within the same date.
Table 18.Treatment means (n=7) for predawn xylem pressure potential
(T, -MPa) for ponderosa pine seedlings in year 2 (1987).
Treatment
Date
June 25July 10July 23Aug. 4 Aug. 21Sep. 4
PM/C 1.19a' 1.16a 0.39a 0.79a 0.76a 1.20a
NG 0.97a 1.37a 0.41a 0.68a 0.82a 1.07a
SG 1.04a 1.21a 0.43a 0.52a 1.04a 0.89a
SU 1.02a 1.45a 0.43a 0.62a 1.01a 1.17a
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=0.132 for comparison of 2 treatment
means within the same date.97
Table 19.Treatment means (n=7) for midday xylem pressure potential
(V, -MPa) for Douglas-fir seedlings in year 2 (1987).
Treatment
Date
June 23 July 9 July 21 Aug. 3Aug. 20 Sep. 3
PM/C 1.88a1 2.54a 0.60a 2.22a 2.20a 2.39a
NG 1.77a 2.53a 0.44a 1.99a 2.09a 2.42a
SG 2.01a 2.41a 0.57a 1.89a 2.40a 2.66a
SU 1.95a 2.54a 0.77a 2.04a 2.14a 2.63a
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=0.143 for comparison of 2 treatment
means within the same date.
Table 20.Treatment means (n=7) for midday xylem pressure potential
(T, -MPa) for ponderosa pine seedlings in year 2 (1987).
Date
TreatmentJune 23 July 9 July 21Aug. 3Aug. 20 Sep. 3
PM/C 1.89a1 2.38a 0.66b 1.86b 1.87a 2.11a
NG 1.93a 2.42a 0.62b 2.20a 1.86a 2.09a
SG 2.05a 2.29ab 0.76ab 2.05ab 2.03a 2.16a
SU 1.95a 2.05b 0.94a 2.30a 1.87a 2.20a
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=0.130 for comparison of 2 treatment
means within the same date.98
Table 21.Treatment means (n=5) for percent soil moisture content at
0-10 cm depth near conifer seedlings in year 2 (1987).
Treatment
Date
July 11 July 25 Aug. 5 Aug. 21 Sep. 4
PM/C
NG
SG
SU
7.4b1
11.5a
8.8ab
10.4ab
30.2b
30.9b
37.8a
32.8b
19.8a
21.9a
20.8a
19.5a
14.7a
17.Oa
15.8a
15.3a
13.3a
16.3a
14.2a
13.4a
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=1.65 for comparison of 2 treatment
means within the same date.
Table 22.Treatment means (n=5) for percent soil moisture content at
10-20 cm depth near conifer seedlings in year 2 (1987).
Treatment
Date
July 11 July 25 Aug. 5 Aug. 21 Sep. 4
PM/C 13.8a1 26.7a 19.5a 18.5a 15.3a
NG 15.9a 26.1a 20.3a 19.2a 16.7a
SG 14.0a 27.5a 22.6a 17.7a 14.7a
SU 14.8a 28.3a 21.4a 17.Oa 16.0a
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=1.23 for comparison of 2 treatment
means within the same date.99
Table 23.Treatment means (n=5) for percent soil moisture content at
20-30 cm depth near conifer seedlings in year 2 (1987).
Treatment
Date
July 11 July 25 Aug. 5 Aug. 21 Sep. 4
PM/C 17.2a1 25.0b 19.3c 20.3a 16.9a
NG 17.1a 24.2b 21.1bc 20.4a 17.7a
SG 14.8a 28.2a 26.0a 18.0a 15.9a
SU 17.0a 26.0ab 22.8b 18.5a 17.4a
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=1.52 for comparison of 2 treatment
means within the same date.
Table 24.Treatment means (n=5) for percent soil moisture content at
30-40 cm depth near conifer seedlings in year 2 (1987).
Date
Treatment July 11 July 25 Aug. 5 Aug. 21 Sep. 4
PM/C 18.2a1 26.5ab 19.1c 20.3a 18.7ab
NG 17.9a 24.9b 21.6bc 20.5a 19.6ab
SG I7.9a 26.3ab 24.5a 19.4a 17.0b
SU 18.5a 28.3a 22.6ab 20.5a 20.0a
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=1.30 for comparison of 2 treatment
means within the same date.100
neither the sampling date X treatment interaction or treatment main
effect was significant at the 10-20 cm depth (Table 22).No trends
however, were believed to be important at any depth among the treat-
ments.On September 4, soil moisture content at any depth in the SU
treatment was not substantially less compared with the other treat-
ments.
Similar to conifer seedlings, midday and predawn T of SG
(cattle-defoliated) and SU (undefoliated) orchardgrass (Table 25)
became less negative after the mid-July precipitation, then gradually
became more negative through mid-September.Neither the sampling
date X treatment interaction or treatment main effect was significant
for predawn or midday T.At each soil depth and sampling date, soil
moisture contents near the SG plants were nearly equal to soil
moisture contents near the SU plants (Table 26).At any depth,
neither the sampling date X treatment interaction or treatment main
effect was significant for soil moisture content.
Year 3 (1988)
Although precipitation at Lost Creek Dam from May 1 to Septem-
ber 30 (12.62 cm) was normal, only 0.05 cm fell from June 26 through
September 18 (Table 5).Predawn and midday T steadily became more
negative through the summer for the conifer seedlings (Tables 27-30)
and orchardgrass plants (Figs. 21,22).
A significant sampling date X treatment interaction was detect-
ed for Douglas-fir and ponderosa pine predawn T (Tables 27,28).
Predawn T was more negative for NG, Douglas-fir seedlings compared
with seedlings in the other treatments on July 10.By September 9,
predawn T of SU Douglas-fir seedlings was more negative compared with
seedlings on the other treatments, and predawn T of NG seedlings re-
mained more negative than PM/C or SG seedlings.These trends were
not similarly detected for ponderosa pine predawn V; predawn T of SU,
pine seedlings was not the most negative among treatments on Septem-Table 25.Treatment means (n=5 to 7) for midday and predawn xylem
(T, -MPa) for orchardgrass in year 2 (1987).
pressure potential
Sampling
Period
Date
Treatment July 13 July 28 Aug. 13 Aug. 26 Sep. 10
Midday SG 3.7a1 1.5a 1.9a 2.7a 2.9a
SU 3.4a 1.6a 2.0a 2.8a 3.2a
Predawn SG 0.91a 0.16a 0.56a 0.67a 0.77a
SU 1.39a 0.21a 0.78a 0.76a 1.08a
1 Means within sampling period and column followed by the same letter did not differ
significantly at P=0.05.For midday and predawn sampling periods, SE=0.31 and 0.195,
respectively, for difference between 2 treatment means on a sampling date.Table 26.Treatment means (n=5) for percent soil moisture content at
30-40 cm depths near orchardgrass plants in year 2 (1987).
0-10, 10-20,20-30, and
Date
Depth (cm) Treatment July 15 July 29 Aug. 14 Aug. 27 Sep. 10
0-10 SG 10.1a1 23.9a 16.9a 16.5a 13.4a
SU 10.4a 26.0a 20.4a 15.7a 11.9a
10-20 SG 14.6a 23.3a 20.4a 18.3a 16.2a
SU 14.6a 24.0a 20.5a 16.5a 16.Oa
20-30 SG 16.Oa 22.4a 21.9a 18.7a 18.Oa
SU 16.9a 22.4a 21.1a 17.7a 18.2a
30-40 SG 17.6a 23.2a 22.3a 20.1a 19.0a
SU 18.Oa 24.1a 22.5a 19.5a 19.9a
1 Means within depth and column followed by the same letter did not differ significantly at
P=0.05; SE=1.41, 1.12, 0.83, and 1.09, for 0-10, 10-20, 20-30, and 30-40 cm depths
respectively, for difference between 2 treatment means on a sampling date.103
Table 27.Treatment means (n=7) for predawn xylem pressure potential
(T, -MPa) for Douglas-fir seedlings in year 3 (1988).
Treatment
Date
May 30 June 19 July 10 Aug. 19 Sep. 9
PM/C
NG
SG
SU
0.29a'
0.24a
0.22a
0.25a
0.22a
0.31a
0.35a
0.18a
0.68b
1.09a
0.64b
0.61b
1.59ab
1.69a
1.48ab
1.45b
1.66c
1.91b
1.67c
2.16a
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=0.106 for comparison of 2 treatment
means within the same date.
Table 28.Treatment means (n=7) for predawn xylem pressure potential
(111,-MPa) for ponderosa pine seedlings in year 3 (1988).
Treatment
Date
May 30 June 19 July 10 Aug. 19 Sep. 9
PM/C
NG
SG
SU
0.25a1
0.24a
0.28a
0.26a
0.41ab
0.47ab
0.57a
0.35b
0.70a
0.88a
0.74a
0.78a
1.26b
1.44a
1.18b
1.32ab
1.26ab
1.35a
1.13b
1.27ab
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=0.089 for comparison of 2 treatment
means within the same date.104
Table 29.Treatment means (n=7) for midday xylem pressure potential
(T, -MPa) for Douglas-fir seedlings in year 3 (1988).
Treatment
Date
May 29 June 18 July 10 Aug. 18 Sep. 8
PM/C
NG
SG
SU
1.17a1
1.04ab
0.95b
0.94b
1.33a
1.30a
1.41a
1.39a
1.81a
1.77a
1.47b
1.51b
2.31b
2.51a
2.41ab
2.32ab
2.37b
2.66a
2.44b
2.72a
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=0.097 for comparison of 2 treatment
means within the same date.
Table 30.Treatment means (n=7) for midday xylem pressure potential
(7, -MPa) for ponderosa pine seedlings in year 3 (1988).
Treatment
Date
May 29 June 18 July 10 Aug. 18 Sep. 8
PM/C
NG
SG
SU
0.90a'
0.98a
0.87a
0.76a
1.44a
1.61a
1.57a
1.40a
1.70a
1.72a
1.65a
1.73a
1.99a
2.12a
1.99a
2.03a
1.90a
1.90a
1.86a
1.86a
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=0.081 for comparison of 2 treatment
means within the same date.0.0
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Fig. 21.Treatment means for predawn xylem pressure potential (7, -MPa) for cattle-defoliated
(n=7) and undefoliated (n=8) orchardgrass plants in year 3 (1988).Standard errors
are shown about each mean. 0
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Fig. 22.Treatment means for midday xylem pressure potential (Y, -MPa) for cattle-defoliated
(n=7) and undefoliated (n=8) orchardgrass plants in year 3 (1988).Standard errors
are shown about each mean.107
ber 9.Trends among treatments for pine predawn T were believed to
be unimportant.
For Douglas-fir midday T (Table 29), a significant sampling
date X treatment interaction was detected, but neither the sampling
date X treatment interaction or treatment main effect was significant
for ponderosa pine midday T (Table 30).No treatment differences in
Douglas-fir midday T were detected on June 18, but by July 10, midday
T for seedlings in the unseeded treatments was more negative compared
with seedlings in the seeded treatments.This response was not
similarly detected for ponderosa pine.
Soil moisture content to a 40-cm depth near the conifer seed-
lings decreased from June 20 to August 18, then stabilized from
August 18 to September 8.At the 0-10 and 20-30 cm depths (Tables
31,33), neither the sampling date X treatment interactions or treat-
ment main effects was significant.The sampling date X treatment
interaction was significant at the 10-20 cm depth (Table 32), but
trends here were believed to be unimportant.A significant treatment
main effect was detected at the 30-40 cm depth (Table 34).Among
sampling dates at this depth, soil moisture content was lower in the
PM/C treatment compared with the NG and SU treatments.
For orchardgrass predawn and midday T (Figs. 21,22), signifi-
cant treatment main effects were detected.Among sampling dates, SU
(undefoliated) plants exhibited more negative if compared with SG
(cattle-defoliated) plants at predawn (-3.3 vs. -2.0 MPa, SE=0.40)
and midday (-4.6 vs. -3.7 MPa, SE=0.34).For soil moisture content
near the orchardgrass plants, neither the sampling date X treatment
interaction or treatment main effect was significant at the 0-10 cm
depth (Fig. 23) and the 30-40 cm depth (Fig. 26).Treatment main
effects were significant at the 10-20 and 20-30 cm depths.Soil
moisture content at these depths was greater near the cattle-defoli-
ated plants (Figs. 24,25).108
Table 31.Treatment means (n=5) for percent soil moisture content at
0-10 cm depth near conifer seedlings in year 3 (1988).
Treatment
Date
June 20 July 11 Aug.18 Sep. 8
PM/C 25.6a1 11.5a 9.1a 9.9a
NG 23.9a 14.1a 8.3a 8.3a
SG 24.4a 14.2a 8.6a 7.9a
SU 23.8a 15.7a 7.9a 7.1a
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=1.73 for comparison of 2 treatment
means within the same date.
Table 32.Treatment means (n=5) for percent soil moisture content at
10-20 cm depth near conifer seedlings in year 3 (1988).
Treatment
Date
June 20 July 11 Aug. 18 Sep. 8
PM/C
NG
SG
SU
26.7a1
25.1ab
24.1b
23.5b
15.8b
17.4ab
18.8a
18.2a
14.5a
14.7a
14.7a
13.4a
15.8a
14.6ab
13.8ab
13.5b
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=1.14 for comparison of 2 treatment
means within the same date.109
Table 33.Treatment means (n=5) for percent soil moisture content at
20-30 cm depth near conifer seedlings in year 3 (1988).
Date
Treatment June 20 July 11 Aug. 18 Sep. 8
PM/C 24.4a' 18.0a 16.7a 17.3a
NG 24.9a 19.5a 16.1a 17.1a
SG 25.4a 20.1a 16.8a 16.2a
SU 25.8a 19.7a 17.0a 16.6a
1 Means within columns followed by the same letter did not differ
significantly at P=0.05; SE=1.07 for comparison of 2 treatment
means within the same date.
Table 34.Treatment means (n=20) for percent soil moisture content
at 30-40 cm depth near conifer seedlings in year 3 (1988).
Treatment
PM/C NG SG SU
19.4b1 21.0a 20.2ab 21.3a
1 Means within the row followed by the same letter did not differ
significantly at P=0.05; SE=0.62 for comparison of 2 treatment
means.14.0
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Fig. 23.Treatment means (n=5) for percent soil moisture content at 0-10 cm depth near cattle-
defoliated and undefoliated orchardgrass plants in year 3 (1988).Standard errors are
shown about each mean.18.0
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Fig. 24.Treatment means (n=5) for percent soil moisture content at 10-20 cm depth near cattle-
defoliated and undefoliated orchardgrass plants in year 3 (1988).Standard errors are
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Fig. 25.Treatment means (n=5) for percent soil moisture content at 20-30 cm depth near cattle-
defoliated and undefoliated orchardgrass plants in year 3 (1988).Standard errors are
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Fig. 26.Treatment means (n=5) for percent soil moisture content at 30-40 cm depth near cattle-
defoliated and undefoliated orchardgrass plants in year 3 (1988).Standard errors are
shown about each mean.114
Year 4 (1989)
Above-normal precipitation fell from May through September
(15.42 cm, Table 5) at Lost Creek Dam, but only 0.89 cm fell from
June 4 through August 8.Predawn T became more negative for the
conifer seedlings from late May to mid-August (Figs. 27,28), and from
mid-June to mid-August for orchardgrass (Fig. 29).From mid-August
to early September, a period when 2.44 cm of precipitation fell at
the study area, predawn T became less negative for the conifer
seedlings and orchardgrass plants.
Significant sampling date X treatment interactions were detect-
ed for predawn T of Douglas-fir and ponderosa pine seedlings.Dif-
ferences in predawn T between PM/C and NG, Douglas-fir seedlings
(Fig. 27), or between PM/C and NG, ponderosa pine seedlings (Fig.
28), were nonsignificant on nearly all sampling dates.Predawn T
values for both species on these unseeded treatments were generally
intermediate compared with the seeded treatments, especially in July
and August.Predawn T of SG, Douglas-fir seedlings was less negative
on July 7 compared with the other treatments, and was less negative
compared with SU seedlings from July 7 through September 8.Predawn
of SG, ponderosa pine seedlings was less negative from July 7
through August 19 compared with the other treatments, remaining less
negative than SU seedlings through September 8.Predawn T of SG,
Douglas-fir seedlings remained less negative than -1.5 MPa except on
August 19, while predawn T of SG, ponderosa pine seedlings never
exceeded -1.0 MPa on any sampling date.
Significant sampling date X treatment interactions were detect-
ed for midday T for Douglas-fir and ponderosa pine seedlings.Sim-
ilar to the predawn data, no significant differences in midday T were
detected on any sampling date between PM/C and NG, Douglas-fir
seedlings (Fig. 30), or between PM/C and NG, ponderosa pine seedlings
(Fig. 31).Midday T values for both species on these unseeded treat-
ments were generally intermediate compared with the seeded treat-0.0
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Fig. 27.Treatment means (n=6 or 7) for predawn xylem pressure potential (T, -MPa) for
Douglas-fir seedlings in year 4 (1989).Standard errors are shown about each mean
unless too small to be graphically depicted.
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Fig. 28.Treatment means (n=7) for predawn xylem pressure potential (Y, -MPa) for ponderosa
pine seedlings in year 4 (1989).Standard errors are shown about each mean unless
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Fig. 29.Treatment means for predawn xylem pressure potential (T, -MPa) forcattle-defoliated
(n=6) and undefoliated (n=8) orchardgrass plants inyear 4 (1989).Standard errors
are shown about each mean unless too small to be graphically depicted.0.0
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Fig. 30.Treatment means (n=6 or 7) for midday xylem pressure potential (Y, -MPa) for
Douglas-fir seedlings in year 4 (1989).Standard errors are shown about each mean
unless too small to be graphically depicted.0.0
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Fig. 31.Treatment means (n=7) for midday xylem pressure potential (T, -MPa) for ponderosa
pine seedlings in year 4 (1989).Standard errors are shown about each mean unless
too small to be graphically depicted.120
ments, especially in July and August.Douglas-fir midday Y was less
negative on the SG treatment compared with the other treatments on
July 7.Ponderosa pine midday Y was less negative on the SG treat-
ment compared with the other treatments on August 18, and was less
negative compared with the SU treatment from July 7 through August
18.
On all treatments, soil moisture content to a 40-cm depth near
the conifer seedlings decreased from June 15 to July 24.After
August 18, soil moisture content increased substantially at the 0-10
cm depth in all treatments, but not consistently in all treatments at
the greater depths (Figs. 32-35).At the 0-10 and 30-40 cm depths,
neither the sampling date X treatment interactions or treatment main
effects was significant.Significant sampling date X treatment
interactions were detected at the 10-20 and 20-30 cm depths.Soil
moisture content at these depths was greater in the SU treatment on
June 15 compared with the other treatments (Figs. 33,34), but the
situation reversed beginning in July.On July 24 and August 18, soil
moisture content at 10-20 cm was less in the SU treatment compared
with the other treatments (Fig. 33).At 20-30 cm, soil moisture
content was highest in the SG treatment from early July through mid-
August, but not significantly greater compared with the other treat-
ments (Fig. 34).There were no differences in soil moisture content
at any depth between the unseeded treatments on any sampling date.
Although a significant sampling date X treatment interaction
was detected for orchardgrass midday Y (Fig. 36), neither the sam-
pling date X treatment interaction or treatment main effect was sig-
nificant for predawn Y (Fig. 29).Midday and predawn Y of SG (cat-
tle-defoliated) plants was more negative on all sampling dates
compared with SU (undefoliated) plants, but treatment differences
were only significant for midday Y on July 22.This same response
was not detected between SG and SU conifer seedlings.24.0
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Fig. 32.Treatment means (n=5) for percent soil moisture content at 0-10 cm depth near
conifer seedlings in year 4 (1989).Standard errors are shown about each mean.
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Fig. 33.Treatment means (n=5) for percent soil moisture content at 10-20 cm depth near
conifer seedlings in year 4 (1989).Standard errors are shown about each mean.23.0
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Fig. 34.Treatment means (n=5) for percent soil moisture content at 20-30 cm depth near
conifer seedlings in year 4 (1989).Standard errors are shown about each mean.
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Fig. 35.Treatment means (n=5) for percent soil moisture content at 30-40 cm depth near
conifer seedlings in year 4 (1989).Standard errors are shown about each mean.
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Fig. 36.Treatment means for midday xylem pressure potential (Y, -MPa) for cattle-defoliated
(n=6) and undefoliated (n=8) orchardgrass plants inyear 4 (1989).Standard errors
are shown about each mean unless too small to be graphically depicted.126
Despite the apparent conflicting trends in water stress, trends
in soil moisture contents near the SG and SU orchardgrass plants and
SG and SU conifer seedlings were very similar.Soil moisture con-
tents near the SG and SU orchardgrass plants were not different on
any sampling date at the 0-10 (Fig. 37) or 30-40 (Fig. 40) cm depths.
Significant sampling date X treatment interactions were detected at
the 10-20 and 20-30 cm depths.Soil moisture content at these depths
was greater near the SU plants on June 12 (Figs. 38,39).However,
from June 12 to July 4, rate of soil moisture depletion at these
depths in the SU treatment was greater than in the SG treatment, and
soil moisture content on July 4 was greater in the SG treatment at
the 20-30 cm depth.In summary, from mid-June to early July, it
appeared that rates of soil moisture depletion at depths exceeding 10
cm near conifer seedlings or orchardgrass plants were greater in the
SU treatment compared with the SG treatment.
Root Dynamics of Douglas -fir Seedlings and Orchardarass
Year 3 (1988)
Fig. 41 shows the root count data (mean totals) to a 0.7-m
depth for SG (cattle-defoliated) and SU (undefoliated) orchardgrass
and Douglas-fir seedlings.Root count data for orchardgrass from the
first 4 sampling dates only were included in the repeated measures
ANOVA because these dates bracketed the cattle grazing applications.
The 3-way interaction (defoliation treatment X sampling date X depth)
for orchardgrass root counts was nonsignificant.This suggests that
through the cattle-grazing period at each soil depth, similar pat-
terns were present between the mean root totals of the cattle-defoli-
ated and undefoliated plants.
The defoliation treatment X sampling date interaction was
significant.At the first sampling period (April) for undefoliated
plants (julian date 106) and defoliated plants (julian date 113-116),20.0
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Fig. 37.Treatment means (n=5) for percent soil moisture content at 0-10 cm depth near
cattle-defoliated and undefoliated orchardgrass plants in year 4 (1989).Standard
errors are shown about each mean.24.0
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Fig. 38.Treatment means (n=5) for percent soil moisture content at 10-20 cm depthnear
cattle-defoliated and undefoliated orchardgrass plants in year 4 (1989).Standard
errors are shown about each mean.24.0
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Fig. 39.Treatment means (n=5) for percent soil moisture content at 20-30 cm depth near
cattle-defoliated and undefoliated orchardgrass plants in year 4 (1989).Standard
errors are shown about each mean.25.0
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Fig. 40.Treatment means (n=5) for percent soil moisture content at 30-40 cm depth near
cattle-defoliated and undefoliated orchardgrass plants in year 4 (1989).Standard
errors are shown about each mean.800.0
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Fig. 41.Mini-rhizotron mean root totals to a 0.7-m depth in year 3 (1988) for SG (cattle-
defoliated) and SU (undefoliated) orchardgrass, and PM/C Douglas-fir seedlings.
Sample sizes were: a) 12 on first 4 sampling dates, 3 thereafter, for cattle-
defoliated; b) 9 on first 4 sampling dates, 3 thereafter, for undefoliated; and c)
7, 8, 11, 3, and 3 for consecutive sampling dates for Douglas-fir.Standard errors
are shown about each mean unless too small to be graphically depicted.Cattle-
grazing applications are depicted with upright arrows.132
before the first grazing application was completed, mean root counts
between these plants were not different (Fig. 41).The first grazing
application ended on julian date 117, and mean height of defoliated
orchardgrass was reduced to 7.5 cm, while mean height of undefoliated
orchardgrass was greater than 40 cm (Fig. 42).Approximately 22 days
later (julian date 139) at the second sampling period (during the
second grazing application), mean root counts had diverged and were
reduced 20.2% for defoliated plants compared with undefoliated
plants.At the end of the second grazing application (Julian date
142), mean height of defoliated orchardgrass was reduced to 12.5 cm,
while mean height of undefoliated orchardgrass was 88.1 cm (Fig. 42).
Mean root counts had diverged further (Fig. 41) by the third sampling
period (approximately Julian date 164), averaging 42.2% less for
defoliated plants.Mean height of defoliated plants was reduced to
10.9 cm (Fig. 42) after the third grazing application, while flower-
ing culm elongation of undefoliated plants had completed and mean
height stabilized at 128.4 cm.Surprisingly, at the fourth sampling
period (approximately Julian date 192), 24 days after the third
grazing application, the mean root count for defoliated plants was
only 17.9% less than undefoliated plants.During these 24 days, mean
height of defoliated plants had increased to 26.8 cm, while no height
growth was detected for undefoliated plants (Fig. 42), which from
casual observation were entering the seed set and dispersal stages of
phenology.Through the first 4 sampling periods, spanning 3 grazing
applications, the mean root count increased 185.2% for defoliated
plants, compared to a 236.9% increase for undefoliated plants.
After julian date 200 (mid-July), the rate of increase in root
counts declined greatly for defoliated and undefoliated orchardgrass
(Fig. 41).Although precision was low because of small sample size
at the October (Julian date 282) sampling period, it appeared that
during the mid-July to October interval, defoliated plants had a more
rapid rate of increase in root numbers.In October, the mean root135.0
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Fig. 42.Mean height (cm) in year 3 (1988) of SG (cattle-defoliated) and SU (undefoliated)
orchardgrass.Sample sizes varied from 3 to 14 for cattle-defoliated, and 3 to 10
for undefoliated.Standard errors are shown about each mean unless too small to be
graphically depicted.Cattle-grazing applications are depicted with upright arrows.134
count of defoliated plants was only 6.3% less than undefoliated
plants (Fig. 41).
The October to December (Julian date 282 to 339) interval was
characterized by a decrease in the number of roots (Fig. 41), for
both defoliated and undefoliated plants.Again, sample size was
small at the December sampling period and precision of estimates was
low, but it appeared that new root production was not keeping pace
with root death from October to December.The mean root count of
defoliated plants in December was slightly greater than the mean root
count of undefoliated plants.
The defoliation treatment X depth (Fig. 43) and sampling date X
depth interactions (first 4 sampling dates in Fig. 44) were signi-
ficant, but trends were believed to be unimportant.F-values for the
main effects of sampling date (288.9), and depth (73.8), however,
were much greater than the F-value for the interaction (2.9), and
their influence could be detected in Fig. 44.The mean root counts
at all depths steadily increased through the first 4 sampling peri-
ods, and the mean root counts steadily decreased with increasing soil
depth.
Roots of Douglas-fir were counted less frequently during year 3
than roots of orchardgrass (Fig. 41).Mean root counts to a 0.7-m
depth for Douglas-fir were consistently lower than orchardgrass.The
number of Douglas-fir roots increased greatly (Fig. 41) from May 4
(julian date 125) to July 30 (julian date 212), at all depths (Fig.
45).This period of increase coincided with the period of increase
for orchardgrass.Similar to orchardgrass, after Julian date 212 the
rate of increase in root number decreased greatly.Contrary to
orchardgrass, from Julian date 283 to 340 it appeared that new root
production outpaced root death for Douglas-fir, because there was a
slight increase in root counts at all depths (Fig. 45).The number
of Douglas-fir roots decreased with increasing soil depth (Fig. 45),400.0
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Fig. 43.Mini-rhizotron root counts at 10-cm interval soil depths averaged across the first 4
sampling dates in year 3 (1988), for SG (cattle-defoliated) and SU (undefoliated)
orchardgrass.
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similar to orchardgrass, but reductions were small between successive
depths below 20 cm.
Year 4 (1989)
Root count data (mean totals) to a 0.7-m depth for cattle-
defoliated and undefoliated orchardgrass and Douglas-fir seedlings
are shown in Fig. 46.From Julian date 339 of year 3 (Fig. 41) to
Julian date 74 (mid-March) of year 4 (Fig. 46), representing the
winter period, the mean root count decreased slightly for cattle-
defoliated orchardgrass but increased slightly for undefoliated or-
chardgrass.Mean root counts of cattle-defoliated and undefoliated
orchardgrass were almost equivalent on Julian date 74.
Mean root counts for cattle-defoliated and undefoliated or-
chardgrass decreased slightly from julian date 74 to 81 (March 15-
22), remained relatively stable from Julian date 81 to 90 (March 22-
31), and then increased substantially from Julian date 90 to 98
(March 31-April 8), at all depths (Fig. 47).The decline in root
counts from Julian date 74 to 81 occurred despite an increase in the
on-site, maximum daily air temperature from an average of 10 °C on
julian dates 75-77 to 15.9 °C on Julian dates 78-81.Concurrently,
soil temperatures near the orchardgrass plants increased at all mea-
sured depths (Table 35), and on julian date 81 soil temperatures at
depths to 40 cm were above 7 °C.On-site, maximum daily air tempera-
tures decreased from an average of 15.5 °C on Julian dates 82-83 to
10.9 °C on Julian dates 84-90.Soil temperatures near the cattle-
defoliated plants at depths to 20 cm declined to less than 8 °C during
the julian date 81-91 period, and at 30 and 40-cm depths temperatures
increased only slightly, to 8.3 °C (Table 35).On-site, maximum daily
air temperature remained low on julian dates 91-93, averaging 8.2 °C,
but increased rapidly beginning Julian date 94, averaging 26.2 °C on
julian dates 94-98.Soil temperatures rapidly increased at all900.0
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Fig. 46.Mini-rhizotron mean root totals to a 0.7-m depth in year 4 (1989) for SG (cattle-
defoliated) and SU (undefoliated) orchardgrass, and PM/C Douglas-fir seedlings.
Sample sizes were: a) 2 on first 4 sampling dates, 5 thereafter, for cattle-
defoliated; b) 3 on first 4 sampling dates, 6 thereafter, for undefoliated; and c) 3
on first 2 sampling dates, 6 on third sampling date, 5 thereafter, for Douglas-fir.
Standard errors are shown about each mean unless too small to be graphically
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Table 35.Mean soil temperatures( °C) at 1, 10, 20, 30, and 40-cm
depths in year 4 (1989) near SG (cattle-defoliated) and SU
(undefoliated) orchardgrass, and PM/C Douglas-fir
seedlings, monitored for root growth.
Julian Date
Treatment Depth 76 81, 831 90, 912 97, 983
SG
SU
PM/C
1 9.5 20.3 6.7 28.0
10 8.2 12.2 7.2 19.5
20 6.8 9.2 7.8 13.3
30 6.5 8.2 8.3 11.3
40 6.7 7.7 8.3 10.5
1 11.2 17.2 16.3 29.2
10 7.5 11.7 12.0 14.5
20 6.3 8.3 9.2 11.5
30 6.2 7.7 7.8 10.3
40 6.7 7.5 7.5 9.8
1 8.2 9.7 7.8 26.3
10 7.3 7.7 6.8 12.5
20 6.2 7.3 7.0 10.3
30 6.2 7.2 7.3 9.6
40 6.2 7.0 7.5 8.8
1 Julian date 81 for orchardgrass, 83 for Douglas-fir.
2 Julian date 90 for SU orchardgrass, 91 for SG orchardgrass and
Douglas-fir.
3 Julian date 97 for Douglas-fir, 98 for orchardgrass.142
depths also (Table 35).As best predicted from these data, the onset
of rapid root increase for orchardgrass was stimulated by a minimum
soil temperature at all depths of about 7-8°C.
For PM/C Douglas-fir seedlings from Julian date 339 of year 3
to Julian date 76 (March 17) of year 4, new root production did not
keep pace with root death, because the mean root count decreased
31.7% (Figs. 41,46).This magnitude of winter reduction in root
counts was not detected for orchardgrass.The mean root count
decreased a further 6.5% from Julian date 76 to 82 (Fig. 46), despite
a concurrent increase in soil temperatures near the seedlings to a
40-cm depth (Table 35), a scenario also detected for orchardgrass.
The mean root count increased substantially from Julian date 82 to 97
(Fig. 46), at all depths (Fig. 48).Because Douglas-fir roots were
not counted on julian date 90 as done for orchardgrass, I could not
define the period of increase for the seedlings as accurately as for
orchardgrass.Despite this, it was evident that initiation of new
roots in the spring occurred concurrently for the seedlings and
orchardgrass plants.Similar to orchardgrass, root increase in the
spring for Douglas-fir seedlings began when soil temperatures at all
depths reached a minimum of 7 -8 °C (Table 35).
Root count data for orchardgrass from the last 6 sampling dates
of year 4 (Fig. 46) were included in the repeated measures ANOVA
because these sampling dates bracketed the cattle-grazing applica-
tions.For these data the 3-way interaction (defoliation treatment X
sampling date X depth) was nonsignificant.Thus as for year 3, this
suggests that through the cattle-grazing period at each soil depth,
similar patterns were present between the mean root totals of the
cattle-defoliated and undefoliated plants.
The defoliation treatment X sampling date interaction was
significant.Before the first grazing application, the mean root
count for cattle-defoliated plants on julian date 114 was only 2.9%
less than the mean root count for undefoliated plants on julian date110.0
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Fig. 48.Year 4 (1989), mini-rhizotron mean root counts at 10-cm interval soil depths for
PM/C Douglas-fir seedlings.144
117 (Fig. 46), but this difference was significant.At the next
sampling period (Julian dates 135-136), 12-13 days after the end of
the first grazing application, mean root counts had diverged, with
cattle-defoliated plants having 16.6% less roots than undefoliated
plants.Mean height of cattle-defoliated plants was reduced to 9.3
cm on julian date 124, immediately after the first grazing applica-
tion, while mean height of undefoliated plants exceeded 60 cm on this
date (Fig. 49).Mean root counts for cattle-defoliated and undefoli-
ated plants had increased by the next sampling period (Julian dates
154-155), 31-32 days after the end of the first grazing application,
but the mean root count for cattle-defoliated plants remained 9.8%
less than undefoliated plants.Growing conditions were favorable
from julian date 124-155, because mean height of cattle-defoliated
plants increased from 9.3 to 30.7 cm during this period, while mean
height of undefoliated plants increased from about 60 to 100 cm (Fig.
49).
The second grazing application ended on Julian date 162 and
mean height of cattle-defoliated plants was reduced to 12.0 cm.
Flowering culm elongation had ceased for the undefoliated plants at
this time, and mean height was 104 cm (Fig. 49).Between Julian
dates 154 and 175, mean root counts for cattle-defoliated and unde-
foliated plants decreased, but the rate of decline was somewhat
greater for the cattle-defoliated plants.The mean root count for
cattle-defoliated plants was 15.7% less (Fig. 46) than undefoliated
plants on Julian date 175 (13 days after the end of the second graz-
ing application).
After Julian date 175, mean root counts remained relatively
stable for cattle-defoliated and undefoliated plants.The mean root
count for cattle-defoliated plants was 16.9% and 14.9% less compared
with undefoliated plants on julian dates 190 and 202 respectively
(Fig. 46).Mean height of cattle-defoliated plants was reduced to
8.4 cm at the end of the third grazing application (julian date 191),120.0
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Fig. 49.Mean height (cm) in year 4 (1989) of SG (cattle-defoliated) and SU (undefoliated)
orchardgrass.Sample sizes varied from 2 to 5 for cattle-defoliated, and 3 to 6 for
undefoliated.Standard errors are shown about each mean unless too small to be
graphically depicted.Cattle-grazing applications are depicted with upright arrows.146
and no aboveground growth occurred from julian date 191 to 203 for
these plants.Mean height of undefoliated plants remained at 104 cm
from Julian date 175 to 203 (Fig. 49).Undefoliated plants pro-
gressed through the seed set and dispersal stages of phenology during
this time.Over the entire period from julian date 114 to 202,
spanning 3 grazing applications, the mean root count decreased 5.1%
for cattle-defoliated plants and increased 8.2% for undefoliated
plants.
For the 2 remaining 2-way interactions, defoliation treatment X
depth was nonsignificant, contrary to year 3, and sampling date X
depth (last 6 sampling dates in Fig. 47) was significant.With
increasing soil depth, fluctuations in mean root counts through time
decreased in amplitude, especially after julian date 150 (Fig. 47).
The number of roots for orchardgrass declined with depth as was
observed during year 3.Contrary to the increase in root numbers
recorded in year 3 (Fig. 44), large cumulative increases in root
numbers at each depth were not recorded in year 4 (Fig. 47).
For PM/C Douglas-fir seedlings, the mean root count steadily
increased from Julian date 97 to Julian date 183 (July 2, Fig. 46),
concurrently with a reduction in the mean root count of cattle-de-
foliated orchardgrass plants compared with undefoliated plants.From
June 2 to July 2 (Julian date 153 to 183), the rate of increase in
root count was almost negligible, and the increase was restricted to
soil depths exceeding 30 cm (Fig. 48).This midsummer cessation of
root increase was detected similarly in year 3 (Fig. 41).
Vegetation Dynamics From Year 1 through 4
Frequency and Cover, Herbaceous Species
a. PM/C Treatment
Significant differences in herbaceous frequency (Table 36) and
cover (Table 37) were detected from year to year through year4.In147
Table 36.Percent mean rooted frequency (SE)
on the PM/C treatment in years 1-4
of herbaceous species
(1986-1989).
Species
Year
1 2 3 4
PERENNIAL GRASS
AND GRASS-LIKE
Carex sp. 20.0(0) 20.0(0) 20.0(5.77) 23.3(3.33)
Elymus glaucus 6.7(3.33) 6.7(6.67) 3.3(3.33) 6.7(6.67)
Festuca idaho-
ensis
10.0(10.00) 3.3(3.33) 3.3(3.33)
Melica subulata 10.0(5.77) 16.7(6.67) 6.7(6.67)
Trisetum canes-
cens
13.3(6.67)10.0(10.00)26.7(12.02)
ANNUAL GRASS
Festuca bro-
moides
6.7(3.33) 10.0(0)
Taeniatherum as-
perum
3.3(3.33)
PERENNIAL FORS
Agoseris grandi-
flora
20.0(15.28)
Apocynum andro-
saemifolium
3.3(3.33) 6.7(6.67) 3.3(3.33)
Aster sp. 6.7(6.67)
Calochortus
tolmiei
6.7(6.67)
Campanula pre-
nanthoides
6.7(6.67) 3.3(3.33) 10.0(5.77) 6.7(3.33)
Fragaria vesca
var. crinita
3.3(3.33) 6.7(3.33) 3.3(3.33) 6.7(6.67)
Iris chryso-
phylla
3.3(3.33) 3.3(3.33) 10.0(5.77)
Lathyrus poly -
phyll us
6.7(3.33) 3.3(3.33)
Trifolium lon-
gipes
6.7(6.67) 10.0(0)
Vicia sativa 3.3(3.33) 26.7(12.02)46.7(18.56)46.7(13.33)
BIENNIAL FORE
Cirsium vulgare 6.7(3.33) 23.3(3.33) 16.7(3.33)148
Table 36.Continued.
Species
Year
1 2 3 4
Tragopogon du-
bius
6.7(3.33) 6.7(3.33)
ANNUAL FORB
Collinsia ratt-
anii
3.3(3.33)
Conyza canade-
nsis
6.7(3.33) 6.7(6.67)
Cryptantha sp. 3.3(3.33)
Epilobium pan-
iculatum
3.3(3.33) 80.0(5.77) 90.0(0) 83.3(8.82)
Eriophyllum
lanatum var.
achillaeoides
10.0(10.00)
Hieracium cyno-
glossoides
3.3(3.33) 3.3(3.33)
Lactuca serriola 93.3(6.67)50.0(15.28)43.3(12.02)
Madia sp. 16.7(3.33) 46.7(6.67) 96.7(3.33)
Stephanomeria
sp.
6.7(6.67)
UNKNOWN FORBS 10.0(10.00) 3.3(3.33) 43.3(20.28)33.3(8.82)149
Table 37.Percent mean foliage cover (SE)
years 1-4 (1986-1989).
on the PM/C treatment in
Year
Species 1 2 3 4
PERENNIAL GRASS
AND GRASS-LIKE
Carex sp. 1.7(0.88) 1.0(1.00) 0.3(0.33)
Elymus glaucus 1.7(1.67) 1.7(1.67) 2.3(2.33)
Festuca idaho-
ensis
0.3(0.33) 0.3(0.33)
Relics subulata 1.3(1.33) 0.3(0.33)
Trisetum canes-
cens
1.7(1.67) 1.0(1.00)
ANNUAL GRASS
Festuca bro-
moides
0.7(0.67) 1.7(0.33)
Taeniatherum
asperum
0.3(0.33)
PERENNIAL FORE
Apocynum andro-
saemifolium
0.3(0.33)
Calochortus
tolmiei
0.3(0.33)
Campanula pre-
nanthoides
1.0(0.58) 1.7(1.67) 0.7(0.67)
Fragaria vesca
var. crinita
0.3(0.33)
Iris chryso-
phylla
0.3(0.33) 0.3(0.33)
Trifolium lan-
gipes
1.0(0)
Vicia sativa 4.3(0.67) 1.3(1.33)
BIENNIAL FORE
Cirsium vulgare 1.0(1.00) 2.0(2.00) 1.0(0.58)
Tragopogon du-
bius
0.3(0.33)150
Table 37.Continued.
Year
Species 1 2 3 4
ANNUAL FORS
Conyza cane-
densis
0.3(0.33)
Epilobium pan-
iculatum
1.7(1.67) 12.7(4.41) 6.7(2.03) 0.7(0.67)
Eriophyllum
lanatum var.
achillaeoides
0.3(0.33)
Lactuca serriola 16.0(3.06) 0.7(0.33) 1.7(1.20)
Nadia sp. 0.7(0.67) 7.3(4.37) 24.3(6.33)
UNKNOWN FORBS 3.0(1.53) 0.3(0.33)
SHRUB
Ceanothus inte-
gerrimus
0.5(0.37) 1.2(0.84) 3.0(2.09) 5.1(3.31)
Rosa gymnocarpa <0.1
Symphoricarpos
albus
0.6(0.58) 2.1(2.10) 5.0(5.05) 5.1(5.10)
HARDWOOD
Quercus kel-
loggii
0.13(0.133)0.22(0.130) 0.7(0.36)
CONIFER
Pinus ponderosa 0.6(0.60) 1.5(1.50) 2.4(2.45)151
year 1, aboveground phytomass production at peak aboveground standing
crop was low (<200 kg/ha) and sparsely distributed (Fig. 50).Carex
sp. was an important member of this early post-harvest community.By
year 2, several annual and perennial forbs had invaded, increasing
herbaceous diversity.Prickly lettuce (Lactuca serriola L.) and tall
annual willow-herb (Epilobium paniculatum Nutt.) were the major
invaders, and both species were ubiquitous on the area (Fig. 51).
Cover of perennial species had increased only slightly.Herbaceous
diversity increased further from year 2 to 3.New species detected
included barren fescue (Festuca bromoides L.), leafy peavine (Lathy-
rus polyphyllus Nutt.), long-stalked clover (Trifolium longipes
Nutt.), yellow salsify (Tragopogon dubius Scop.), woolly sunflower
(Eriophyllum lanatum (Pursh) Forbes.), and houndstongue hawkweed
(Hieracium cynoglossoides Arv. Touv.).Large increases in frequency
were detected for bull thistle (Cirsium vulgare (Savi) Tenore) and
tarweed (Nadia sp. Mol.), but Cirsium contributed little to cover.
Cover had increased greatly for Nadia and common vetch (Vicia sativa
L.).Modest increases in frequency and cover were detected for
several other species.The major invaders from the previous year,
Lactuca and Epilobium, had declined in importance.Cover of Lactuca
and Epilobium declined 96 and 47% respectively, from year 2 to 3.
Herbaceous diversity did not increase further from year 3 to 4.
By year 4, Nadia was the dominant species on the area, its frequency
and cover increasing 107 and 233% respectively, from year 3 to 4.
Epilobium continued its decline, as its cover in year 4 was only 6%
of its cover in year 2.
b. NG Treatment
Vegetation dynamics on this treatment were similar to the PM/C
treatment, but herbaceous diversity was less each year.Significant
differences in herbaceous frequency (Table 38) and cover (Table 39)
were detected from year to year through year 4.Aboveground phyto-152
Fig. 50.Sparsely distributed vegetation on the PM/C
treatment in late March of year 2.153
Fig. 51.Vegetation on the PM/C treatment in year 2,
dominated by prickly lettuce and tall annual
willow-herb.154
Table 38.Percent mean rooted frequency (SE) of herbaceous species
on the NG treatment in years 1-4 (1986-1989).
Year
Species 1 2 3 4
PERENNIAL GRASS
AND GRASS-LIKE
Carex sp. 16.7(3.33) 10.0(5.77) 10.0(5.77) 6.7(3.33)
Festuca Idaho-
ensis
3.3(3.33) 3.3(3.33)
PERENNIAL FORB
Campanula pre-
nanthoides
6.7(6.67) 6.7(6.67) 3.3(3.33)
Lathyrus poly-
phyllus
3.3(3.33)
Trientalis lati-
folia
13.3(8.82)
Trifolium ion-
gipes
3.3(3.33) 13.3(8.82)
Vicia sativa 20.0(10.00)30.0(20.82)56.7(12.02)
BIENNIAL FORE
Cirsium vulgare 3.3(3.33) 16.7(12.02)43.3(8.82)
Verbascum thap-
sus
10.0(10.00) 6.7(6.67)
ANNUAL FORB
Collomia grandi-
flora
3.3(3.33)
Conyza canaden-
sls
16.7(16.67)
Epilobium pan-
iculatum
43.3(16.67)93.3(6.67) 96.7(3.33)
Eriophyllum
lanatum var.
achillaeoides
3.3(3.33)
Hieracium cyno-
glossoides
20.0(5.77)
Lactuca serriola 80.0(5.77)46.7(14.53)50.0(5.77)
Nadia sp. 6.7(3.33) 26.7(6.67) 76.7(3.33)
UNKNOWN FORBS 3.3(3.33) 6.7(6.67) 6.7(6.67) 3.3(3.33)155
Table 39.Percent mean foliage cover (SE)
years 1-4 (1986-1989).
on the NG treatment in
Year
Species 1 2 3 4
GRASS-LIKE
Carex sp. 0.3(0.33)
PERENNIAL FORS
Campanula pre-
nanthoides
0.3(0.33) 0.3(0.33)
Vicia sativa 0.3(0.33) 0.3(0.33)
BIENNIAL FORS
Cirsium vulgare 4.7(1.76)
ANNUAL FORE
Conyza cana-
densis
0.3(0.33)
Epilobium pan-
iculatum
8.3(2.73) 22.3(1.20) 11.0(3.46)
Lactuca serriola 14.7(2.96) 0.3(0.33) 1.3(0.88)
Madia sp. 1.0(0.58) 3.0(1.00) 15.0(4.73)
UNKNOWN FORBS 0.3(0.33)
SHRUB
Arctostaphylos
viscida
0.10(0.100)0.16(0.100)
Ceanothus inte-
gerrimus
0.20(0.200) 0.6(0.65) 2.2(1.54) 2.6(2.55)
Symphoricarpos
albus
0.17(0.166)
HARDWOOD
Quercus kel-
loggii
1.3(0.78) 2.1(1.04) 2.5(1.40) 3.8(2.00)
CONIFER
Pin us ponderosa 0.97(0.240)1.27(0.044) 4.5(1.57)
Pseudotsuga
menziesii
0.23(0.233)0.22(0.216)0.40(0.264)156
mass production at peak aboveground standing crop in year 1 was lower
here (105 kg/ha) than in the PM/C treatment, and sparsely distribu-
ted.Carex sp. was the dominant herbaceous species in year 1.
Herbaceous diversity increased greatly from year 1 to 2, with Lactuca
serriola and Epilobium paniculatum being the major invading species.
Herbaceous diversity increased further from year 2 to 3.New
species detected were essentially the same as mentioned previously
for the PM/C treatment, with the exception being common mullein
(Verbascum thapsus L.).Large increases in frequency were detected
for Epilobium paniculatum, Madia sp., Cirsium vulgare, Hieracium
cynoglossoides, and horseweed (Conyza canadensis (L.) Cronq.), but
little contribution to cover was made by the latter 4 species.
Contrary to the PM/C treatment, cover of Epilobium increased 169%
from year 2 to 3.Cover of Lactuca, however, declined 98% (Fig. 52).
The increase in cover for Vicia sativa on the PM/C treatment was not
detected on this treatment.
Similar to the PM/C treatment, herbaceous diversity did not
increase further from year 3 to 4.Frequency of several species
increased, especially Madia and Cirsium.The frequency increase for
Cirsium was contrary to the frequency decrease detected for this
species on the PM/C treatment.Cover also increased greatly for
Madia and Cirsium, while cover of Epilobium declined 51%.Similar to
the PM/C treatment, Madia was a dominant species by year 4.However,
Epilobium was still abundant and was second only to Madia in cover.
c. SU Treatment
Significant differences in herbaceous frequency (Table 40) and
cover (Table 41) were detected from year to year through year 4.
Year 1 aboveground phytomass production at peak aboveground standing
crop was 263 kg/ha, the highest among the treatments, and production
was composed mostly of Dactylis glomerate and Lolium perenne (Fig.
53).Herbaceous diversity increased greatly from year 1 to 2.Cover157
Fig. 52.Vegetation on the NG treatment in late August
of year 3, dominated by tall annual willow-
herb, with only occasional prickly lettuce.158
Table 40.Percent mean rooted frequency (SE) of herbaceous species
on the SU treatment in years 1-4 (1986-1989).
Species
Year
1 2 3 4
SEEDED
Dactylis glomer-
ata var. Potomac
70.0(20.82)80.0(5.77) 83.3(3.33) 100.0(0)
Lolium perenne
var. Linn
53.3(16.67) 70.0(0) 63.3(8.82) 46.7(8.82)
Trifolium repens
var. New Zealand
6.7(6.67)
PERENNIAL GRASS
AND GRASS-LIKE
Carex sp. 16.7(8.82) 23.3(8.82) 23.3(3.33) 20.0(5.77)
Festuca idaho-
ensis
3.3(3.33) 3.3(3.33)
PERENNIAL FORB
Apocynum andro-
saemifolium
3.3(3.33) 6.7(3.33) 6.7(6.67)
Aster sp. 6.7(6.67) 6.7(6.67) 10.0(10.00)13.3(8.82)
Fragaria vesca
var. crinita
3.3(3.33) 3.3(3.33) 3.3(3.33)
Lathyrus poly-
phyllus
6.7(6.67) 6.7(6.67)
Lupinus sp. 6.7(3.33) 10.0(10.00)16.7(16.67)16.7(16.67)
Trifolium lon-
gipes
13.3(8.82) 10.0(5.77)
Vicia sativa 6.7(6.67) 26.7(14.53)36.7(12.02)
BIENNIAL FORB
Cirsium vulgare 3.3(3.33) 3.3(3.33) 16.7(12.02)
Tragopogon du-
bius
3.3(3.33)
ANNUAL FORB
Epilobium pan-
iculatum
10.0(5.77) 30.0(0) 60.0(5.77)
Hieracium cyno-
glossoldes
3.3(3.33)
Lactuca serriola 16.7(12.02)10.0(10.00) 36.7(3.33)
Madia sp. 10.0(10.00) 6.7(3.33) 20.0(5.77)
UNKNOWN FORBS 6.7(3.33) 10.0(5.77) 6.7(3.33) 10.0(5.77)159
Table 41.Percent mean foliage cover (SE)
years 1-4 (1986-1989).
on the SU treatment in
Year
Species 1 2 3 4
SEEDED
Dactylis glomer-
ata var. Potomac
7.0(1.53) 24.7(4.81) 41.3(4.33) 43.7(2.33)
Lolium perenne
var. Linn
4.3(0.33) 10.7(0.33) 4.7(0.88) 1.0(1.00)
PERENNIAL GRASS
AND GRASS-LIKE
Carex sp. 0.7(0.67) 1.7(1.67) 0.7(0.33)
Festuca Idaho-
ensis
0.7(0.67)
PERENNIAL FORS
Aster sp. 0.3(0.33) 0.7(0.67)
Lupinus sp. 1.7(1.67) 2.7(2.67) 3.7(3.67) 1.7(1.67)
Trifolium ion-
gipes
0.3(0.33)
Vicia sativa 1.7(0.88) 3.3(0.67)
BIENNIAL FORB
Cirsium vulgare 0.3(0.33) 0.7(0.67)
Tragopogon du-
bius
0.3(0.33)
ANNUAL FORB
Epilobium pan-
iculatum
0.3(0.33)
UNKNOWN FORBS 0.3(0.33)
SHRUB
Arctostaphylos
viscida
0.13(0.133) <0.1
Ceanothus inte-
gerrimus
0.20(0.200)0.23(0.233)0.27(0.266)0.38(0.216)160
Table 41.Continued.
Year
Species 1 2 3 4
Symphoricarpos
albus
<0.1 <0.1
HARDWOOD
Quercus kellog-
gii
1.9(1.92) 2.9(2.21) 2.9(2.72)
CONIFER
Pinus ponderosa 0.7(0.73) 0.6(0.63) 1.6(1.51)
Pseudotsuga
menziesii
0.10(0.100) <0.1 <0.1161
Fig. 53.Vegetation on the SU treatment in late March
ofyear2,composed mostlyof'Potomac'
orchardgrass and 'Linn' perennial ryegrass.162
of Dactylic and Lolium increased 253 and 149% respectively, from year
1 to 2.Cover of other herbaceous species was negligible in year 2.
Significance tests were not performed on differences in frequency and
cover between treatments within year.However, frequency and cover
percentages for year 2 show that the vigor of other herbaceous
species on this treatment, especially the annual forbs Epilobium
paniculatum and Lactuca serriola, was depressed compared with the un-
seeded treatments (Fig. 54).
From year 2 to 3, herbaceous diversity increased only slightly.
Increases in frequency were detected for several species, the most
notable being Vicia aativa and Epilobium.Cover of Dactylic in-
creased 67% while cover of Lolium decreased 56%.Although frequency
of Epilobium increased, its cover in year 3 was quite low, much lower
than that measured on the unseeded treatments.
Herbaceous diversity remained stable from year 3 to 4.Notable
increases in frequency were detected for Lactuca, Nadia sp., Cirsium
vulgare, and Epilobium.Despite these frequency increases, no
measurable cover was recorded in year 4 for Lactuca, Media, or Epilo-
bium.Dactylic was maintaining its dominance, as its cover increased
slightly, but Lolium continued to decline.Compared to year 2, cover
of Lolium declined 91% by year 4, but frequency was still 47%.By
year 4, Lolium was no longer a major contributor to aboveground
phytomass production on this treatment.
d. SG Treatment
Significant differences in herbaceous frequency (Table 42) and
cover (Table 43) were detected from year to year through year 4.
Dactylic and Lolium were established by year 1 and were clearly
dominating the plant community.Herbaceous diversity actually
declined on this treatment from year 1 to 2, in contrast to the
remaining treatments.Notable frequency increases were detected for
Lactuca serriola and Epilobium paniculatum, but cover for these163
Fig. 54.Vegetation on the SU treatment, showing
dominance of seeded grasses and scarcity of
annual herbs, in contrast to the unseeded
treatments.164
Table 42.Percent mean rooted frequency (SE) of herbaceous species
on the SG treatment in years 1-4 (1986-1989).
Year
Species 1 2 3 4
SEEDED
Dactylis glomer-
ata var. Potomac
73.3(3.33) 73.3(3.33) 83.3(3.33) 73.3(3.33)
Lolium perenne
var. Linn
66.7(18.56)63.3(12.02)56.7(18.56)33.3(14.53)
Trifolium repens
var. New Zealand
3.3(3.33) 3.3(3.33)
PERENNIAL GRASS
AND GRASS-LIKE
Carex sp. 3.3(3.33)
Elymus glaucus 3.3(3.33)
PERENNIAL FORB
Aster sp. 3.3(3.33)
Campanula pre-
nanthoides
6.7(3.33) 3.3(3.33) 6.7(6.67) 3.3(3.33)
Lathyrus poly-
phyllus
6.7(6.67)
Lupinus sp. 10.0(5.77) 3.3(3.33) 3.3(3.33)
Trifolium.lon-
gipes
6.7(6.67)
Vicia sativa 3.3(3.33) 3.3(3.33) 10.0(5.77)
BIENNIAL FORB
Cirsium vulgare 10.0(5.77)20.0(10.00)
Tragopogon du-
bius
3.3(3.33)
ANNUAL FORB
Epilobium pan-
iculatum
16.7(8.82)43.3(12.02) 100.0(0)
Erodium cicu-
tarium
3.3(3.33)
Lactuca serriola 23.3(12.02)40.0(10.00)70.0(11.55)
Madia sp. 6.7(3.33) 23.3(12.02)
UNKNOWN FORBS 10.0(5.77) 16.7(6.67) 16.7(3.33)165
Table 43.Percent mean foliage cover (SE)
years 1-4 (1986-1989).
on the SG treatment in
Year
Species 1 2 3 4
SEEDED
Dactylis glomer-
ate var. Potomac
6.7(0.67) 16.7(1.33) 20.3(2.03) 7.7(1.33)
Lolium perenne
var. Linn
4.0(2.00) 7.7(3.18) 3.3(0.88)
PERENNIAL FORE
Campanula pre-
nanthoides
0.3(0.33)
Lupinus sp. 2.0(1.00)
Vicia sativa 0.3(0.33)
BIENNIAL FORS
Cirsium vulgare 0.7(0.67) 0.3(0.33)
ANNUAL FORB
Epilobium pan-
iculatum
0.3(0.33) 7.3(2.85)
Lactuca serriola 1.0(1.00) 0.3(0.33) 0.3(0.33) 0.7(0.67)
Madia sp. 1.0(1.00)
SHRUB
Ceanothus inte-
gerrimus
<0.1
HARDWOOD
Quercus kellog-
gii
<0.1
CONIFER
Pin us ponderosa 0.7(0.52) 1.3(1.01) 2.5(2.40)
Pseudotsuga
menziesii
<0.1166
species was almost negligible in year 2.Vigor of these 2 species in
year 2 was depressed compared with the unseeded treatments (Fig. 55).
Cover of Dactylis and Lolium increased 149 and 92%, respectively from
year 1 to 2.
Herbaceous diversity increased from year 2 to 3 but the number
of species remained lower than on the SU treatment.Several species
showed frequency increases but Epilobium was the most notable.No
measurable cover of Epilobium was recorded in year 3 however.Cover
of Dactylis increased 22% but cover of Lolium decreased 57%.Through
year 3, cover contributed by herbaceous species other than Dactylis
and Lolium was negligible.
From year 3 to 4 no further increase in herbaceous diversity
was detected.Notable increases in frequency were detected for
Epilobium, Lactuca, and Nadia sp., but only Epilobium showed a large
increase in cover.Cover of Dactylis decreased 62% and no measurable
cover for Lolium was recorded, although frequency of Lolium was still
33%.The decrease in cover for Dactylis and Lolium was partially
attributable to sampling time in relation to cattle grazing.After
the third grazing application of year 4 was completed on July 10,
growing conditions did not permit regrowth of these species.Mean
height of Dactylis was reduced to 8.2 cm.Therefore the decrease in
cover should not necessarily be equated with a decline in vigor.
Shrub and Hardwood Cover
Foliage cover was only recorded for 4 shrub and 1 hardwood tree
species on the study area in years 1-4 (Tables 37, 39, 41, 43).In
year 1, total shrub plus hardwood cover averaged less than 2% on each
of the treatments.In ensuing years, total cover increased steadily
on all treatments except SG.By year 4, total shrub plus hardwood
cover was 10.9% on PM/C, 6.4% on NG, 3.3% on SU, and less than 0.1%
on SG.These data were of limited value for detecting treatment
differences however, because sample sizes were small and inadequate167
Fig. 55.Vegetation on the SG treatment in year 2,
showing dominance of seeded grasses and
scarcity of annual herbs, in contrast to the
unseeded treatments.168
to permit the use of significance tests.Large standard errors were
associated with the species percentage contributions to the treatment
totals.Despite the limitations, there was evidence that seeded
treatments had less shrub plus hardwood cover than unseeded treat-
ments, and cattle-grazed treatments had less shrub plus hardwood
cover than their respective ungrazed counterparts.169
DISCUSSION
Browsing and Trampling of Conifer Seedlinas
Historically, uncontrolled livestock grazing resulted in exten-
sive browsing and trampling of young conifer seedlings (Hill 1917,
Sparhawk 1918, Clepper 1971).When extensive damage was reported,
stocking densities were usually too high relative to forage avail-
ability.MacDonald (1952) reported that livestock would seldom
consume resinous-tasting coniferous seedlings unless other forage was
lacking.In year 1 of this study, cattle-attributable browsing of
Douglas-fir and ponderosa pine seedlings was not extensive, despite
low availability of alternative forage on the NG and SG treatments
during grazing applications.Because of low forage availability,
cattle stocking densities during both year 1 grazing applications
were kept correspondingly low.Higher stocking densities would
presumably have resulted in more complete removal of forage and
increased browsing incidence.
More extensive wildlife browsing during the first winter on
seedlings in the unseeded treatments relative to the seeded treat-
ments was probably related to lower availability, and possibly
quality, of alternative forage on the unseeded treatments.Above-
ground phytomass production before winter, for example, was only 28
kg/ha on the NG treatment, but 118 kg/ha on the SG treatment (Table
4).Dominant species on the unseeded treatments were annuals, which
were dead and of low forage quality by late fall.'Potomac' orchard-
grass and 'Linn' perennial ryegrass, however, dominated the seeded
treatments and remained green winter-long.
Extensive cattle-attributable, browsing on Douglas-fir and
ponderosa pine seedlings in the SG treatment occurred during the
first and third grazing applications of year 2.Alternative forage
on this treatment was available and apparently non-limiting during
both of these grazing applications, and forage levels exceeded that170
available during the second grazing application, when no browsing was
recorded.Thus, browsing was not a result of lack of alternative
forage.
Browsing may have resulted from a nutrient deficiency in the
cattle, because browsing only occurred at periods when neither salt
or trace mineral was available in the SG treatment.Salt and trace
mineral were not provided because BLM personnel assumed the cattle
were salted sufficiently by their owners before they entered the
study area, acquiring a salt reserve that would last through the com-
pletion of the grazing application.According to Kincaid (1988),
when livestock do not receive mineral supplementation, sodium (Na) is
the mineral most likely to be deficient.A Na deficiency increases
the animal's appetite for Na and causes pica.Forages are dietarily
deficient in Na, thus it appears plausible that cattle were attempt-
ing to satisfy a Na (or perhaps some other mineral) deficiency
through their consumption of conifer seedlings.
Browsing may also have been associated with class and age of
cattle.Observations during the first grazing application of year 2
confirmed that the two bulls in the herd were browsing seedlings, and
I suspected additional browsing was attributable to the yearlings in
the herd.Browsing during the third grazing application was attribu-
table exclusively to heifers.
Thomas (1983) suspected age of livestock was associated with
livestock browsing also.He reported that young sheep had a tendency
to browse conifers, but older sheep (5+ years) were less likely to
browse.He speculated that young sheep browsed conifers using a
trial and error approach, not being as aware of the suitability/pala-
tability of the conifers as older animals were.I observed this
trial and error approach during the first grazing application of year
3, when young calves "sniffed" conifer seedlings often, occasionally
nipping new growth.Dams, however, did not exhibit this same behav-
ior.171
Although possibly attributable to a mineral deficiency men-
tioned previously, browsing by heifers during the third grazing ap-
plication of year 2 was still puzzling.Browsing began immediately
after the heifers were placed in the SG treatment, when alternative
forage was available and highly digestible (unpublished data), and it
occurred on growth which had hardened.Previous studies noted that
livestock browsing of conifer seedlings usually was restricted to
current year's growth, early in the growing season before growth
hardened (Leiberg et al. 1904, Hill 1917, Hall et al. 1959, Black and
Vladimiroff 1963, Leininger and Sharrow 1989).Before entering the
SG treatment, the heifers were recently removed from a low species
diversity, subirrigated pasture.The heifers' owner suggested that
the heifers were unfamiliar with the forage species present on the
study area, and modified their diet to include a greater diversity of
forage, including conifers (Anderson, pers. comm., 1987).Leininger
and Sharrow (1989) hypothesized the same, after observing extensive
sheep-caused browsing of Douglas-fir seedlings on a western Oregon
plantation of low species diversity.
Compared with year 2, year 3 browsing by cattle was reduced
considerably, especially in the SG treatment (Tables 2,3), despite
generally higher levels of forage utilization by cattle in this
treatment in year 3, relative to year 2 (Table 4).Year 3 browsing
was probably less severe because salt and trace mineral were provided
during all grazing applications.In addition, except for two bulls
used during the second grazing application, I only permitted dry cows
or cows with nursing calves to graze on the study area.
The majority of the cattle-attributable, year 3 and 4 browsing
on pine seedlings was not actually browsing, but inadvertent terminal
and lateral shoot breakage resulting from cattle movements.Pine
seedlings sustaining shoot breakage in year 3 were generally between
40 and 60 cm in height.Shoot breakage was less in year 4 compared
with year 3 because pine seedlings exceeded 60 cm in height.Cattle172
were less likely to "walk over" seedlings of this height.Shoot
breakage also decreased as the growing season progressed, because
shoots gradually hardened.Permitting cattle grazing as early as
April on the study area risked this type of damage, but the risk was
only substantial for a 1-2 year period in the lifespan of the trees.
Although the comparative impacts of browsing vs. breakage of shoots
on the physiological vigor of ponderosa pine seedlings has not been
investigated to my knowledge, I suspected their effects were probably
equivalent.
Only minor cattle-attributable trampling of seedlings of either
species was recorded in year 1, and trampling after year 1 was
negligible.Stems of the 2-0, bareroot seedlings were only 5 mm in
diameter at planting and when stepped on by cattle, they did not
right themselves.Year 2 stem diameters were greater and seedlings
were less susceptible to trampling.
Survival of Conifer Seedlings
Year 1 (1986)
Animal impacts, including browsing of terminal and lateral
growth, cambial stem-scarring, and trampling, were not apparent
causal factors in year 1 mortality of either Douglas-fir or ponderosa
pine.Competition from understory vegetation was not an apparent
causal factor either.Site preparation on the study area was excel-
lent, because aboveground phytomass production on any treatment did
not exceed 300 kg/ha in year 1.Clearly, other factors must have
been responsible.
Although competition was minimal, I suspect drought stress,
occasionally exacerbated by J-rooting, was an important factor
causing year 1 mortality on the study area.The majority of year 1
mortality for both species occurred from June through August, a
period when only 0.26 cm of precipitation fell at Lost Creek Dam, and173
soil moisture levels to a 30-cm depth on the study area were gradu-
ally decreasing.Seedlings were planted in March, and from March to
June, I suspect their root systems had not vertically elongated
rapidly enough to keep pace with the soil drying front.Seedlings
with J-roots close to the soil surface would have been disadvantaged
further.
Because year 1 mortality of Douglas-fir seedlings was generally
2-3 times greater than ponderosa pine among treatments, and animal
impacts were not a causal factor of year 1 mortality, I suspect
Douglas-fir seedlings in year 1 were less drought-resistant than
ponderosa pine.Higher survival of ponderosa pine seedlings was also
reported by Stein (1955), on plantings in national forests in south-
west Oregon.He attributed the higher survival of pine to greater
drought-resistance.The primary root of pine grew more rapidly and
deeper, and pine stems tolerated greater surface heat (Stein 1955).
In contrast, with complete control of competing understory vegetation
on a dry, low-elevation site in southwest Oregon, ponderosa pine and
Douglas-fir 2-0 bareroot seedling survival did not differ signifi-
cantly in year 1 (Helgerson et al. 1989).
Years 2-5 (1987-1990)
Browsing alone or browsing plus cambial stem-scarring of
ponderosa pine seedlings in years 2-4, whether it occurred only once
per seedling or more frequently, did not adversely affect survival
through year 5 in this study.Both Hill (1917) and Sparhawk (1918)
reported that naturally regenerated ponderosa pine seedlings usually
survived browsing by livestock.Only when seedlings were severely
browsed annually, and could not outgrow their injuries (Hill 1917),
or were browsed when they were less than 1 year old and less than 15
cm in height (Sparhawk 1918), were they likely to die.In Colorado,
Currie et al. (1978) reported that 2-0 bareroot ponderosa pine
seedlings "usually survived" recurrent cattle browsing.174
The most important causal factor in ponderosa pine mortality
during years 2-4 was total stem girdling by porcupines.Porcupine
girdling of ponderosa pine seedlings of similar size as in this study
was also observed by Taylor (1935) in Arizona.According to Taylor
(1935, in Lawrence et al. 1961), ponderosa pine was preferred by
porcupines over Douglas-fir.For the duration of this study, no
porcupine girdling was ever recorded on Douglas-fir seedlings, in
agreement with Curtis and Wilson (1953), who did not detect any
porcupine girdling on Douglas-fir in central Idaho.Porcupine
girdling of Douglas-fir has been observed in southwest Oregon howev-
er, near the Rogue River (Teach, pers. comm., 1991).
Although late-spring frost occurred on the study area in years
2-4, when current year's growth of ponderosa pine seedlings was not
yet completed, seedlings sustained little frost damage and late-
spring frost was not a causal factor in ponderosa pine mortality.
Excluding mortality from porcupine girdling, most of the
ponderosa pine mortality among treatments occurred in the first 2
years after planting, when aboveground phytomass production among
treatments was low and competition from understory vegetation was
low.Aboveground phytomass production and competition from under-
story species increased substantially in year 3, especially on the
ungrazed treatments, yet very few pine seedlings died in years 3-5.
Given a reprieve from high levels of understory competition in the
first 2 years after planting, ponderosa pine seedlings survived
higher levels of competition beginning year 3.Pearson (1942) made a
similar observation in the southwest U.S., and recommended that to
ensure high survival of planted ponderosa pine seedlings, good
control of competing vegetation was necessary for 2 years after
planting.
For Douglas-fir, late-spring frost was the major causal factor
in mortality during years 2-4.Late-spring frost was a causal factor175
in Douglas-fir seedling mortality in other studies as well (Day 1928,
Arnott 1975, Eissenstat and Mitchell 1983, Alejandro- Castro 1988).
Among treatments in year 2, both the percentage of frost-
damaged seedlings and the severity of the damage was least on the SU
treatment and greatest in the PM/C treatment.Plant cover between
treatments was a suspected causal factor in these treatment differ-
ences.From treatment clipping estimates of aboveground phytomass
production obtained on different dates in May of year 2, production
was greatest on the SU treatment during the year 2 frost event.
Height of herbaceous vegetation in the SU treatment, dominated by or-
chardgrass and perennial ryegrass, generally equalled or exceeded the
height of the planted conifer seedlings during the year 2 frost. I
suspect this vegetative cover ameliorated nocturnal temperatures near
the soil surface and protected the Douglas-fir seedlings from frost
damage.
This same hypothesis was proposed by Day (1928) also, to
explain late-spring frost damage to Douglas-fir seedlings in Great
Britain.When shortgrass vegetation was present, frost cankers (stem
cambium damage) and die-back of newly developing shoots only occurred
at or above the level of the shortgrass (15 cm from ground surface).
Seedlings were better protected from frost when they were growing
within a thick undergrowth of brambles and bracken, because frost
damage was only observed above the undergrowth.
Elevation between treatments was another suspected causal
factor of frost damage.Although the study area was relatively flat,
there was a slight downward elevational gradient from south to north,
with the SU treatment at the high end and the PM/C treatment at the
low end of this gradient.Cold air is known to drain into low-lying
areas at night, often accumulating in "tiny basins or frost pockets"
(Barbour et al. 1980).I suspect that air near the soil surface was
colder in the PM/C treatment compared with the SU treatment, result-
ing in greater frost damage.Even within treatments, I observed176
relatively greater frost damage on Douglas-fir seedlings planted in
small, low-lying areas.Douglas-fir seedlings were "frosted out" of
these areas.
The present strategy for regenerating Douglas-fir on clearcuts
in southwest Oregon combines planting of genotypes adapted to the
area, with as much control of competing understory vegetation as
possible.Because of the hot and dry growing conditions characteris-
tic of southwest Oregon, Douglas-fir genotypes adapted to this area
generally flush early in the growing season so primary growth com-
pletes before soil moisture becomes unavailable.However, early
flushing genotypes are more likely than late flushing genotypes to
sustain damage from late-spring frost (Day 1928).Douglas-fir
seedlings planted on the study area flushed early, in mid to late
April in years 2-4.Because late-spring frosts occurred in mid to
late May on the study area, current year's growth was killed.Frost
damage resulting in Douglas-fir seedling death is known to occur on
high elevation sites in southwest Oregon (Melton and Childs 1989),
and I suspect from results of this study and that of Alejandro-Castro
(1988) that frost damage frequently occurs on low elevation, clear-
cut-harvested sites in southwest Oregon as well.On frost-sensitive
sites such as the study area, excellent control of competing vegeta-
tion in the early years of a conifer plantation may exacerbate frost
damage to Douglas-fir seedlings and subsequent mortality, because the
protective layer of plant cover is absent.Clearly, on frost-sensi-
tive, clear-cut-harvested sites in southwest Oregon, the present
strategy for Douglas-fir regeneration is inadequate.The combination
of hot and dry growing conditions and late-spring frost events on
these clear-cut-harvested sites greatly reduces establishment of
Douglas-fir, even if competing vegetation is controlled.A harvest
strategy incorporating some level of retained overstory would reduce
frost incidence and would appear more appropriate for successful
Douglas-fir regeneration, in known frost-sensitive areas.177
Because frost damage was pervasive on the study area in years
2-4, it was difficult to segregate the influence of browsing and cam-
bial stem-scarring on Douglas-fir seedling mortality in years 2-4
from frost.Alejandro-Castro (1988) reported the same difficulty,
although cambial stem-scarring was included in a trampling category
in her study.Because neither browsing or cambial stem-scarring
recorded in year 1 was implicated in Douglas-fir mortality in this
study, I suspect browsing and cambial stem-scarring occurring in
years 2-4, whether attributable to cattle or wildlife, were only
minor factors decreasing survival.Several other researchers also
reported browsing to be a minor harmful factor on Douglas-fir seed-
ling survival (Roy 1960, Black and Vladimiroff 1963, Hedrick and
Keniston 1966, Arnott 1975, Eissenstat et al. 1982, Leininger and
Sharrow 1989).
Survival of Douglas-fir seedlings through year 5 was best on
the SU treatment, despite the highest level of aboveground phytomass
among treatments here.Again, frost confounded what might otherwise
have been a simpler explanation of the survival response of Douglas-
fir seedlings to varying levels of understory competition on the
study area.For example, Douglas-fir seedlings on the PM/C treatment
were surrounded by paper mulch for the duration of the study, but
because of greater frost damage, mortality of these seedlings was
significantly greater than mortality of SU seedlings.
Conifer Seedlina Growth
Ponderosa Pine
Among treatments, ponderosa pine seedlings grew best in the NG
treatment, especially in years 3 through 5.Competition from under-
story species was least in this treatment, especially in years 1 and
2.Cattle grazing was influential in reducing aboveground phytomass
and understory competition levels in this treatment compared with the178
ungrazed treatments.Enhanced growth of NG pine seedlings was the
result.
Aboveground phytomass and understory competition levels were
also reduced by cattle grazing in the SG treatment compared with the
ungrazed treatments, but cumulative growth of SG seedlings was not
enhanced.Cattle-attributable browsing of SG pine seedlings in year
2 severely reduced year 3 relative growth rates for basal stem diame-
ter, height, and stem volume.The browsing occurred in August, a
time of year when ponderosa pine seedlings typically form overwinter-
ing buds (Lanner 1976).Spring shoots develop from these overwinter-
ing buds, and because these buds were browsed, shoot growth potential
in year 3 was severely diminished.
After year 3, relative growth rates of SG seedlings were no
longer depressed compared with the other treatments.By year 5,
these seedlings were outperforming pine seedlings in the other
treatments in height growth, providing evidence that ponderosa pine
seedlings showed resilience to browsing, and were responding posi-
tively to cattle grazing.Similar height growth results were report-
ed by Hill (1917) and Sparhawk (1918).In these studies, height
growth rates were reduced for browsed vs. unbrowsed seedlings, but if
given a reprieve from browsing, subsequent height growth rates of
browsed seedlings were as high as those of unbrowsed seedlings.
Similar to the NG treatment in this study, cattle grazing
resulted in enhanced growth (stem diameter, height, and stem volume)
of ponderosa pine seedlings compared with an ungrazed area on another
site in southwest Oregon (Doescher et al. 1989).Browsing levels in
their study were reported as "minimal".In contrast, livestock
grazing did not result in enhanced growth of ponderosa pine seedlings
in several other studies (Edgerton 1971, McDonald and Fiddler 1987,
Allen and Bartolome 1989).In Allen and Bartolome's (1989) Califor-
nia study, cattle stocking density was extremely low (35 AU/600 ha),
much lower than in my study or Doescher et al. (1989) and perhaps too179
low to realistically expect a level of vegetation control sufficient
to enhance growth.McDonald and Fiddler (1987) believed the effect
of sheep grazing on ponderosa pine growth was negligible because
remaining shrub levels after grazing were still sufficient to reduce
optimal seedling growth.
Aboveground phytomass and understory competition were greatest
on the SU treatment beginning year 3, and this high level of competi-
tion resulted in depressed relative growth rates for diameter,
height, and stem volume of SU seedlings in years 4 and 5, compared
with seedlings in the other treatments.
Douglas-fir
Because frost was the most important causal factor in Douglas-
fir seedling mortality, it was also an important factor influencing
growth.Treatment differences reported in this study for Douglas-fir
seedling growth were not, therefore, directly attributable to differ-
ential growth conditions between treatments.Frost damage resulted
in reduced height growth of Douglas-fir seedlings on all treatments
in this study.Zero or negligible height growth was usually recorded
for seedlings sustaining damage in the 51-75 or 76-100% classes.
Height growth reductions from frost were reported by Sparhawk (1918),
Day (1928), and Black and Vladimiroff (1963) also.Seedlings in my
study were often browsed in addition to being frost-damaged, and the
influence of frost on height growth reduction was not segregated from
the influence of browsing.Neither were they segregated in Black and
Vladimiroff's (1963) study.
The reduced growth rates detected for SU seedlings were espe-
cially notable because these seedlings sustained less severe frost
damage compared with seedlings in the other treatments and damage
from animal impacts (browsing, cambial stem-scarring, trampling) was
at very low levels in this treatment.Undoubtedly, the relatively
high level of understory competition in this treatment was causal.180
Despite the confounding effect of frost, I suspect NG seedling
growth was enhanced compared with seedlings in the other treatments
because: a) aboveground phytomass and understory competition were
least in this treatment especially in years 1 and 2; b) understory
competition levels were suppressed here compared with the ungrazed
treatments throughout the study, because of cattle grazing; and c)
cattle-attributable browsing in this treatment was minor for the
duration of the study.Seedling growth in the SG treatment was not
similarly enhanced by cattle grazing, until possibly year 5.The
cumulative effect on SG seedling growth from cattle grazing was
masked by severe cattle-attributable browsing in year 2, which resul-
ted in reduced height growth.Relative growth rates, however, were
highest for SG seedlings in year 5, providing evidence that as men-
tioned previously for ponderosa pine, severe browsing did not result
in long-term growth rate reductions.
Water Relations of Conifer Seedlings and Orchardgrass
Years 1 and 2 (1986,1987)
Lack of T trends among treatments in year 1 suggested that soil
moisture availability was quite similar among treatments.Soil
moisture content data confirmed this.Competition in year 1 between
conifer seedlings and understory vegetation was not severe on the
study area, because peak aboveground standing crop did not exceed 300
kg/ha on any treatment.
Aboveground phytomass increased on all treatments in year 2
compared with year 1, suggesting that competition between conifer
seedlings and understory vegetation had intensified.Although year 2
aboveground phytomass production was quantified on the ungrazed
treatments in early May only, fenceline observations made after May
between the ungrazed and grazed treatments confirmed that production
on the ungrazed treatments exceeded production ontheir grazed181
counterparts.Despite these differing competition levels, conifer
seedling T and soil moisture content near the conifer seedlings were
quite similar between treatments.Between the SG and SU treatments,
orchardgrass T and soil moisture content near orchardgrass plants
were quite similar also.The typical southwest Oregon, summer
drought period was interrupted in year 2 by heavy July precipitation,
which may have contributed to the lack of discernible treatment
differences.
Removal of competing understory vegetation by cattle in years 1
and 2 on the grazed treatments did not result in a release of soil
moisture to the conifer seedlings compared with the ungrazed treat-
ments.Alejandro-Castro (1988) reported similar results for the
first 2 years of a nearby conifer plantation.However, as mentioned
previously, I suspected the removal of competing vegetation resulted
in improved growth of NG seedlings.Year 1 and 2 water stress
sampling perhaps was not sensitive enough to corroborate the growth
data.
Year 3 (1988)
Comparing years 1 through 4 of the plantation, aboveground
phytomass on the ungrazed treatments was highest in year 3.Produc-
tion on the ungrazed treatments again exceeded production on the
cattle-grazed counterparts, suggesting competition levels differed
between treatments.A few trends were apparent in the conifer seed-
ling T data and soil moisture content data, but these proved dif-
ficult to interpret.The more rapid rate of decline between June 18
and July 10 noted for midday T of Douglas-fir seedlings in the un-
seeded treatments was not detected for ponderosa pine seedlings.
Douglas-fir predawn T data provided evidence that NG seedlings
experienced greater water stress compared with seedlings in the other
treatments, especially in July.Soil moisture content data near the
conifer seedlings failed to verify either of these trends however. I182
suspect that stomatal conductance data combined with the Y data would
have facilitated the interpretation of these trends.
The trend of improved SG orchardgrass Y and soil moisture
content near the SG plants compared with the SU treatment was not
detected for conifer seedlings in these 2 treatments.Soil moisture
content at each depth was very similar near the SG and SU conifer
seedlings.
Removal of competing vegetation by cattle grazing in the NG
treatment did not result in a release of soil moisture compared with
the PM/C treatment, the ungrazed counterpart.Evidence was stronger
but not entirely corroborative that cattle grazing in the SG treat-
ment resulted in a release of soil moisture compared with the SU
treatment, the ungrazed counterpart.
Year 4 (1989)
Xylem pressure potential and soil moisture content measurements
associated with the conifer seedlings were generally very similar
between the unseeded treatments on all sampling dates.Cattle
utilization of competing understory vegetation in the NG treatment
remained below 30% in all grazing applications (Table 4).Conse-
quently, aboveground phytomass was not reduced substantially in the
NG treatment compared with the PM/C treatment.Similar to years 1-3,
year 4 removal of competing vegetation by cattle grazing in the NG
treatment did not result in a release of soil moisture compared with
the PM/C treatment, the ungrazed counterpart.
Native understory sPecies on conifer plantations are often of
low palatability and nutritive value for domestic livestock compared
with seeded forage species, which are selected based upon their
palatability.Difficulty in meeting vegetation control objectives
resulting from inadequate livestock utilization of native understory
vegetation has been the impetus for forage seeding of conifer planta-
tions (Doescher et al. 1987).Inadequate cattle utilization of183
native vegetation was noted in this study, as utilization levels in
the NG treatment generally were not as high as those attained in the
SG treatment (Table 4).Plant species providing the majority of the
forage in the NG treatment were annuals or biennials, such as Lactuca
serriola, Epilobium paniculatum, Nadia sp., and Cirsium vulgare.
These species were either unpalatable at all times, such as Cirsium,
or were palatable for very short periods of time, such as Nadia sp.
For these reasons, achieving consistent, good control of these
species with cattle grazing proved to be extremely difficult.
Contrary to the unseeded treatments, cattle utilization of the
seeded vegetation resulted in a substantial reduction in aboveground
phytomass on the SG treatment compared with the SU treatment.
Aboveground phytomass production on the SG treatment on June 11 was
415 kg/ha (Table 4), less than half the 1,085 kg/ha measured on the
SU treatment on June 16.From June 15 to July 7, rate of soil
moisture depletion near the conifer seedlings, especially at the 10-
30 cm depth (Figs. 33,34), was much higher in the SU treatment
compared with the SG treatment.This was undoubtedly a result of the
higher standing crop and transpirational leaf tissue in the SU
treatment.
Seedlings of both species exhibited less negative predawn and
midday T in the SG treatment compared with the SU treatment from July
into September.Soil moisture content was generally higher near the
SG seedlings during this time (Figs. 33-35).In Oregon, Running
(1976) determined that for field-grown Douglas-fir and ponderosa pine
trees, as the predawn T became more negative, the water potential
threshold (the T at which leaf water conductance declined to near
zero) was reached sooner in the day.Water potential thresholds for
Douglas-fir and ponderosa pine were -2.0 and -1.8 MPa respectively
(Running 1976).In this study, midday T of SU ponderosa pine seed-
lings exceeded the -1.8 MPa threshold in July and August, but SG
seedlings did not (Fig. 31).Midday 111 of SG and SU Douglas-fir184
seedlings exceeded the -2.0 MPa threshold in July and August (Fig.
30), but because predawn T of SG seedlings were less negative than SU
seedlings, SG seedlings probably reached the threshold later in the
day than SU seedlings.I believe SG Douglas-fir and ponderosa pine
seedlings remained physiologically active for a longer diurnal and
seasonal period in year 4 than their counterparts in the SU treat-
ment.Less severe year 4 water stress of SG pine seedlings appeared
to corroborate the significantly greater growth rates for height and
stem volume of SG pine seedlings in year 5 (Figs. 12,14).
From June 12 to July 4, rate of soil moisture depletion at the
10-40 cm depth (Figs. 38-40) near the orchardgrass plants was also
much higher in the SU treatment compared with the SG treatment.In
addition, soil moisture content in July was greater near plants in
the SG treatment, especially at the 20-30 cm depth (Fig. 39).
Despite these trends, improvement in orchardgrass Y in the SG treat-
ment vs. the SU treatment was not detected.Visual observations
confirmed that the majority of orchardgrass plants in the SG treat-
ment were quiescent by the August 17 sampling date, with little or no
green photosynthetic tissue remaining.Undefoliated SU plants
retained more green tissue on this date.SG plants were defoliated a
third time during the July 6-10 grazing application, to a mean
stubble height of 8.2 cm (see Fig. 49), and their root growth was re-
duced compared with the SU plants (see Fig. 46).In addition, very
little precipitation fell on the study area from June 4 through
August 8.I suspect the physiological vigor of the SG plants was
reduced compared with the SU plants because of the combined effects
of frequent defoliation, reduced root growth (see next section), and
lack of precipitation.185
Root Dynamics of Douglas-fir Seedlings and Orchardarass
Root counts for SG (cattle-defoliated) and SU (undefoliated)
orchardgrass, and PM/C Douglas-fir seedlings, increased substantially
and concurrently at all measured depths in year 3, indicating a rapid
exploitation of the soil volume by both species.High year 3 peak
aboveground standing crop on the SU treatment (2282 kg/ha, comprised
mostly of orchardgrass) further indicated exploitation of site
resources by this species.Soil volume exploitation did not proceed
as rapidly in the SG treatment as in the SU treatment because root
counts of cattle-defoliated plants were reduced compared with undefo-
liated plants (Fig. 41).As a result of this delayed exploitation of
the soil volume, I expected a soil moisture release to SG conifer
seedlings compared to SU seedlings, but year 3 conifer T data or soil
moisture content data did not confirm this.I suspect that soil
moisture was not yet limiting and competition between orchardgrass
and Douglas-fir was not severe, because soil volume exploitation was
continuing but was not complete.
Roots of orchardgrass and Douglas-fir were not partitioned into
diameter classes, but from observation I believe many of the roots,
especially those at deeper depths, would have been placed in a fine
root class.Combining this observation with the substantial year 3
increase in root numbers at each depth (Figs. 44,45), it appeared
that at the end of year 3 the root systems of Douglas-fir seedlings
and orchardgrass plants were extensive and ramification of the soil
profile was intensive to a depth of 0.7 m.
Hobbs et al. (1989) on another site in southwest Oregon, found
that Douglas-fir seedling roots were mostly confined to the top 15-cm
soil depth, in contrast to this study.Slope on their site was 75%
and soil was skeletal, while in my study, slope on the study area was
near zero and soil was very deep.Smith (1964) believed roots of
Douglas-fir growing in dry moisture regimes occupied greater soil186
volumes than roots of Douglas-fir growing in wetter regimes.Root
data in my study indicate that if soils are deep, roots of Douglas-
fir seedlings growing on a xeric site have the potential to inten-
sively ramify the available soil volume.This root growth character-
istic of Douglas-fir seedlings underlines the importance of vegeta-
tion control in the early years of a conifer plantation, to permit
Douglas-fir root extension and soil volume ramification before
competing vegetation does the same.
Declining rates of root growth after mid-July of year 3 for
cattle-defoliated and undefoliated orchardgrass and PM/C Douglas-fir
seedlings were undoubtedly the result of declining soil moisture
availability and increasing soil temperature.Soil moisture contents
near the orchardgrass plants (Figs. 23-26) and the PM/C seedlings
(Tables 31-33) declined rapidly after mid-July, and soil temperatures
in mid-July (unpublished data) equaled or exceeded 20°C even at the
40-cm depth.Rate of root growth for cattle-defoliated orchardgrass
was not lower compared with undefoliated orchardgrass from mid-July
to October, probably because from mid-July to September, more soil
moisture was available near the cattle-defoliated plants (Figs. 23-
26).
The small increase in root counts for Douglas-fir seedlings
from October to December of year 3 provides some evidence that there
was a fall period of root activity, in addition to the spring period.
This is in agreement with Fielder and Owens (1989), who reported
early spring and fall root activity periods for both coastal and
interior varieties of Douglas-fir.
Roots were not sampled frequently enough during the winter of
year 4 in this study to ascertain if there was a true winter dormancy
period for Douglas-fir root activity.However, the recorded winter
reduction in root counts for Douglas-fir seedlings indicated very
little winter root elongation, if any, in agreement with Ross (1932,187
in Krueger and Trappe 1967), Krueger and Trappe (1967), and Fielder
and Owens (1989).
Year 3 and 4 mini-rhizotron mean root totals were consistently
lower for Douglas-fir seedlings compared with orchardgrass.Because
of mini-rhizotron placement, however, I cannot infer that Douglas-fir
root density in the soil volume was less than orchardgrass.Parallel
placement of mini-rhizotrons near Douglas-fir seedlings resulted in
the interface lying at a constant 10-15 cm horizontal distance from
the vertical axis of the seedling stem, even as soil depth increased.
For mini-rhizotrons near orchardgrass plants, as soil depth increased
the horizontal distance decreased from the interface to the vertical
axis of the plant.Because root density generally declines with
depth and horizontal distance, parallel placement of mini-rhizotrons
near Douglas-fir seedlings probably resulted in a negative bias in
root counts.
The following is also pertinent to the lower mean root totals
of Douglas-fir.At the first and second sampling periods in year 3
(julian dates 84 and 125), Douglas-fir mini-rhizotrons had been in
place at least 9 and 10.5 months respectively, yet the mean root
totals on these dates were extremely low (Fig. 41), much lower than
orchardgrass.In year 2, data (unpublished) on root counts to a 0.5-
m depth were collected using the same methodology on 1 date in
September for Douglas-fir, and 2 dates (August and November) for
orchardgrass.From these data I concluded that roots of Douglas-fir
seedlings, compared with orchardgrass, had less rapidly penetrated
the backfill.Thus, Douglas-fir roots probably had not achieved
equilibrium with the mini-rhizotron/bulk soil interface in year 2 and
through the first 2 sampling periods in year 3.
The above suggests that a lengthy time period may elapse after
mini-rhizotron installation before root sampling is feasible.This
is a limitation of the root periscope/mini-rhizotron technique if
rapid results are desired.Other cautions/limitations of the tech-188
nique discovered in this study can be found in Karl and Doescher
(1991).
Because orchardgrass root counts in year 4 stabilized at a
higher level compared to year 3, soil volume exploitation by this
species had probably reached its maximum level.Competition for soil
moisture between conifer seedlings and orchardgrass was now more
severe.Because cattle grazing in year 4 also resulted in reduced
root counts for defoliated, SG plants compared with undefoliated, SU
plants, I again expected a soil moisture release to the SG conifer
seedlings compared with SU seedlings.Contrary to year 3, year 4
conifer 4 data and soil moisture content data confirmed that soil
moisture was released.SG orchardgrass plants in year 4 exhibited
higher water stress levels compared with SU plants, but not because
of lower soil moisture availability.The repeated defoliation of SG
plants resulted in reduced transpirational tissue and root growth,
rendering these plants less physiologically capable of preempting
soil moisture.Reduction in transpirational leaf tissue and root
growth of orchardgrass resulting from repeated cattle defoliation
were mechanisms permitting the release of soil moisture to Douglas-
fir and ponderosa pine seedlings in year 4.
Douglas-fir Root Activity in Relation to Soil Moisture Release
Reducing orchardgrass root growth with cattle-defoliation and
releasing soil moisture to Douglas-fir seedlings is of no growth
benefit to the seedlings unless their root systems can uptake that
moisture upon release.Theoretically, for this to happen: a) root
activity periods of the seedlings and orchardgrass should be similar;
b) root activity period of seedlings must be concurrent with the
period of orchardgrass root growth reduction; and, c) seedling roots
must be spatially-distributed in soil depths where soil moisture is
being released.Actual measurement of root activity at the interface
between root and bulk soil was lacking in this study but Douglas-fir189
and orchardgrass root activity could be inferred from the root count
and T data.
As already mentioned, Douglas-fir and orchardgrass root activi-
ty periods overlapped in year 3, and Douglas-fir roots were abundant
through a 0.7-m soil depth by the end of year 3 (Fig. 45).In year
4, a rapid increase in root activity inferred from new root initia-
tion was detected concurrently in Douglas-fir and orchardgrass in
early April (Julian date 90-98, Fig. 46).Rapid new root initiation
commenced in both species when soil temperature reached 7-8°C.Doug-
las-fir root counts continued to increase and root activity continued
from early April until early June (julian date 153), concurrently
with the reduction in root growth of cattle-defoliated orchardgrass
(Fig. 46).Douglas-fir root counts stabilized from early June to
early July (Julian date 153-183), and root activity probably de-
clined, coinciding with a decline in soil moisture content in the
PM/C treatment (Figs. 32-35) and more negative T of PM/C Douglas-fir
(Figs. 27,30).The period of soil moisture release and uptake by
Douglas-fir seedlings in year 4, then, appeared to be from late April
(julian date 117) until early June (Julian date 153).
Orchardgrass Resilience to Cattle-attributable Defoliation
Orchardgrass is commonly used as a hay or pasture crop in
combination with various legumes (Hannaway and McGuire 1981a).For a
cool-season species, orchardgrass is highly productive and tolerant
of heat and drought (Hannaway and McGuire 1981a), probably attribu-
table in part to its characteristic deep and extensive root system
(Weaver 1926).
As a commonly used pasture grass, it is also logical to assume
that orchardgrass shows resilience to defoliation, both above and
belowground.Resilience to defoliation is contingent upon several
factors, one of which is the severity (frequency and stubble height)
of the defoliation.When defoliated (clipped) weekly or biweekly at190
1.25, 2.5, or 5 cm, new root initiation of orchardgrass was cur-
tailed, increasingly with the weekly compared to the biweekly har-
vest, and as cutting height decreased (Jacques and Edmond 1952).
Stubble heights achieved in this study were not as severe as in
Jacques and Edmond (1952).Orchardgrass could not be defoliated with
cattle grazing to less than about 7.0 cm in height without increasing
browsing incidence on planted conifer seedlings.At this level of
defoliation severity, root growth was curtailed as mentioned, but
several root growth responses of orchardgrass indicated it was quite
resilient.
First, although the cattle-grazing strategy in this study
resulted in short-term vigor reductions of orchardgrass root systems,
long-term vigor reduction was not achieved.Despite sustaining
defoliation by cattle in years 1 and 2, mean root totals at the first
sampling period of year 3 were almost equal between cattle-defoliated
and undefoliated plants (Fig. 41).Root growth of cattle-defoliated
plants was reduced during the year 3 cattle grazing period, but by
late fall of year 3, the mean root total for cattle-defoliated plants
was again almost equal to undefoliated plants, remaining almost equal
at the first sampling period of year 4 (Fig. 46).
Second, the short-term root growth reduction occurred at all
measured depths, but the nonsignificant 3-way interactions in years 3
and 4 provided evidence that the magnitude of the difference in root
numbers between the cattle-defoliated and undefoliated plants did not
increase with increasing soil depth.This is contrary to earlier
research pertaining to root growth of grazed vs. ungrazed grasses.
For example, Weaver (1950) reported that the decrease in root weight
for grazed, relative to ungrazed, big and little bluestem (Andropogon
furcatus and A. scoparius, sic) in eastern Nebraska was greater as
soil depth increased.Weaver (1950) claimed that root system deteri-
oration from overgrazing occurred "from the tips upward toward the
crown."Although less in number compared to the undefoliated plants,191
small-diameter roots of the cattle-defoliated plants were observed in
the deepest depth measured (60-70 cm) in this study.
Third, even during the grazing seasons of years 3 and 4, the
effect of repeated defoliation on root counts was not cumulative; the
mean root total for cattle-defoliated plants did not become progres-
sively less compared with undefoliated plants.As long as soil mois-
ture was available during the grazing season, root growth (increased
mean root total) of cattle-defoliated plants continued, sometimes at
a rate comparable to or exceeding that of undefoliated plants.This
was especially noticed between the third and fourth sampling periods
of year 3 (Fig. 41) and between the sixth and seventh sampling per-
iods of year 4 (Fig. 46).Only with repeated defoliation of orchard-
grass during the cattle-grazing season was root growth reduction
achieved, and soil moisture released to conifer seedlings.
Cattle Grazing and Seeding Influences on Vegetation Dynamics
Compared with ungrazed treatments, floral diversity was less on
the cattle-grazed treatments.From highest to lowest species counts
(keyed + unknown), the order of treatments was PM/C (36), SU (21), SG
(19), and NG (19).The reduction was attributable to cattle grazing,
but not solely.Seeding also appeared to be partially attributable,
as the large difference between the PM/C and SU treatments attests.
Similar patterns of vegetation change were observed between the
PM/C and NG treatments, but cattle grazing appeared to delay the
changes.These 2 treatments were dominated by a succession of annual
species from year 2 through 4, similar to what Dyrness (1973) ob-
served on clear-cut-harvested areas north of my study area in the
western Cascades of Oregon.Carex sp. was dominant on both treat-
ments in year 1.Invasion of herbaceous species was greatest from
year 1 to 2, and Lactuca serriola and Epilobium paniculatum were the
most notable invading species.Media sp. was dominant on the PM/C192
treatment in years 3 and 4, while on the NG treatment, Epilobium con-
tinued to dominate in year 3 and codominate with Nadia in year 4.
Seeding with or without cattle grazing resulted in delayed
establishment of annual herbs.Even if established, vigor of these
annuals was depressed on the seeded treatments compared with the
unseeded treatments.Once established, the seeded grasses (espe-
cially Dactylis) dominated the plant community on the seeded treat-
ments.Favorable microsites for establishment of other herbaceous
species were undoubtedly seized first by the seeded species.
Perennial ryegrass declined in the seeded stand with time, with
or without grazing.Compared with orchardgrass, it was less competi-
tive, probably because of its lower winter-hardiness (Hannaway and
McGuire 1981b) and greater drought susceptibility (Molyneux and
Davies 1983), exacerbated by cattle defoliation.
Both cattle grazing and seeding were apparently causal in
reducing foliage cover of competing brush (shrub and hardwood)
species.However, because big game also consumed brush species on
the study area, I could not ascertain the relative impact of cattle
and big game on foliage cover.Livestock (cattle or sheep) grazing
suppressed brush on conifer plantations in several other studies as
well (Bosco and Bartolome 1983, McDonald and Fiddler 1987, Allen and
Bartolome 1989, Sharrow et al. 1989).193
MANAGEMENT RECOMMENDATIONS
The following management recommendations were formulated from
observations and results of this research and pertain to the Butte
Falls Resource Area of the Medford District BLM.It is hoped that
these recommendations will facilitate the implementation of an
operational grazing strategy suited to the BLM Medford District's
objectives.
Seeding
Forage species palatable to livestock should be seeded on
conifer plantations which are scheduled for livestock grazing for
suppression of competing vegetation.The following points support
this recommendation: a) control of seeded vegetation with cattle
grazing was sufficient to release soil moisture to conifer seedlings
in this study but control of unseeded vegetation was not sufficient;
b) orchardgrass and perennial ryegrass provided succulent forage for
elk and black-tailed deer especially in late fall and winter.Cattle
grazing of these species prevented formation of wolf plants and
therefore enhanced availability of regrowth to big game; c) competi-
tion from seeded species resulted in some suppression of highly
competitive brush species; and d) livestock operators should benefit
from seeding efforts because seeded species, especially if defoliated
frequently, remained green and palatable longer into the growing
season than native species did.
Results from this study and that of Alejandro-Castro (1988)
provide evidence that clear-cut-harvested sites in the Butte Falls
Resource Area are frost-sensitive.On frost-sensitive sites, seeding
could be desirable even where livestock grazing is excluded.Seeded
vegetation established quickly and provided some frost-damage protec-
tion to planted Douglas-fir seedlings, especially in the early years
of the plantation.However, if seeding on frost-sensitive sites is194
implemented, and livestock grazing is not permitted, land managers
should expect reduced growth of a larger survivorship of Douglas-fir
seedlings.Evidence from this study indicated that conifer seedlings
growing among ungrazed, seeded vegetation sustained greater growth
reductions than conifer seedlings growing among: a) grazed, seeded
vegetation; b) grazed, native vegetation; and c) ungrazed, native
vegetation.
White clover did not establish on the study area and should
probably be removed from the seeding mixture.The cause(s) of its
establishment failure were unknown.Perennial ryegrass should also
be removed from the seeding mixture unless a more drought and/or
grazing tolerant variety than 'Linn' is available.Orchardgrass
should remain in a seeding mixture or be seeded alone.Results from
this study provide evidence that it is easily established, shows
stand longevity, produces abundant succulent forage for livestock and
big game, is resilient to defoliation, and can be controlled by
cattle grazing sufficiently to release soil moisture to planted
conifer seedlings.
Assuming establishment will be successful, orchardgrass seeding
rate should not exceed 6.7 kg/ha, and I would recommend a 4.5 kg/ha
rate.The following points pertain to this recommendation.
1) A seeding rate below 6.7 kg/ha should result in a lower
plant density which facilitates vegetation control with cattle
grazing.The 6.7 kg/ha seeding rate resulted in a high density
orchardgrass stand in this study.To control a high density stand,
either animal numbers must be increased or animals must remain for a
longer duration, both of which result in increased cattle movements.
Increased cattle movements result in increased risk of trampling and
stem-scarring of conifer seedlings, both of which were not major
causal factors reducing survival of seedlings in this study, but have
been implicated in reduced survival of very young seedlings in other
studies.195
2) A seeding rate of 4.5 kg/ha will produce enough seeded
forage to continue to attract cattle.
3) Compared with a 6.7 kg/ha rate, a 4.5 kg/ha seeding rate
should result in less competition to conifer seedlings, but should
remain sufficient to retard establishment and depress vigor of other,
less palatable herbaceous and brush species.
Land managers should be aware that seeding of palatable forage
species and cattle grazing on conifer plantations will probably
result in reduced floral diversity compared with unseeded, ungrazed
conditions.However, because of slopes exceeding about 30%, inacces-
sibility, distance from water, etc., not all conifer plantations are
suitable for vegetation control with cattle grazing, therefore I
expect only localized reductions in floral diversity from an opera-
tional grazing program.
Cattle Grazing Strategy
The following is a recommended strategy for achieving good
survival and growth of planted conifer seedlings (especially Douglas-
fir) and reducing plantation failure on known frost-sensitive sites
in the Butte Falls Resource Area scheduled for vegetation control
with cattle grazing.
1) Seed the site with orchardgrass (recommended rate above)
after site preparation and in the fall before tree planting, rather
than after tree planting.Seeding before tree planting will better
ensure successful seeded species establishment, because favorable
microsites will be seized by the seeded species before more unfavor-
able species can do the same;
2) Especially if orchardgrass establishment is poor, consider
deferring cattle grazing through year 1 and probably year 2, to
provide Douglas-fir seedlings some frost-damage protection from the
plant cover.If orchardgrass establishment is excellent, consider
deferring cattle grazing through year 1 and through May of year 2 to196
again provide Douglas-fir seedlings some frost-damage protection and
to prevent conifer seedling growth rate reduction in year 2 from the
competing vegetation;
3) Initiate cattle grazing in year 2 or 3, and continue annual-
ly until understory forage production no longer warrants its use.
Consider these guidelines in your cattle grazing program.
a) Salt, trace mineral, and water must be available near or on each
plantation throughout the cattle-grazing season, else severe browsing
of conifer seedlings is likely.
b) Older cattle, especially dry cows and cows with nursing calves,
are less likely to browse conifer seedlings than younger cattle
classes and should be used if possible.
c) To release soil moisture to conifer seedlings, the following
strategy of orchardgrass defoliation proved suitable.Orchardgrass
should be first defoliated before the boot phenological stage (typi-
cally before late April) and subsequently at a maximum 3-4 wk inter-
val until the soil profile dries and orchardgrass aboveground growth
declines.Coinciding with defoliation frequency, orchardgrass
defoliation to not less than 7.0 cm resulted in reduced root growth.
Cattle browsing of conifer seedlings was imminent when defoliation of
orchardgrass resulted in stubble heights below 7.0 cm.At about a
7.0-cm stubble height, cattle typically began defoliating Pacific
madrone.Madrone defoliation by cattle was the biological cue relied
upon by this researcher for cattle removal from the study area.
On sites not susceptible to frost, cattle grazing can be
permitted beginning year 1.Unacceptable browsing, trampling, and
stem-scarring of conifer seedlings should not result if the above
guidelines are followed.197
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187.APPENDIX205
TO: Bill Drewien, Dwayne Davis
FROM: Mike "Sherm" Karl, Paul S. Doescher
SUBJECT: 1987 Grazing Prescription for Sugar Pine Flat
The following is meant to serve as an aid to the BLM in their devel-
opment of a grazing prescription for Sugar Pine Flat (refer to
correspondence of 18 March 1987 -- re Forest Grazing Research in
Cooperation with Medford, BLM).
Our ideas for the grazing prescription are as follows:
1) Forage production sampling in both grazed units (Native Grazed and
Seeded Grazed) will take place in mid-May prior to the first grazing
application.This will allow the BLM and OSU to peruse the informa-
tion collected on "herbage on offer" in these grazed units and thus
make better decisions on the number of animal days which will be
allowed on each unit;
2) If possible, the first grazing application should occur in mid to
late May as last year.Each of the two grazed units should be grazed
separately to ensure optimal forage utilization in each unit (assum-
ing the permanent fencing is erected at this time);
3) Depending on growing conditions and forage regrowth after the
first grazing application, a second grazing application may be
implemented following agreement by both the BLM and OSU.Again,
forage production sampling (in June) will serve as the basis for a
decision on this second grazing application.We believe to be
effective in suppressing the seeded forages, this second grazing
application should be implemented in late June.It is important that
OSU be notified every time a grazing application occurs, so prompt
sampling for forage utilization can be done;
4) Again, depending on growing conditions and forage regrowth in the
fall, a fall grazing application may be implemented similar to last
year (23-26 September 1986).Forage production sampling (mid-Septem-
ber) would again serve as the basis for a decision on this grazing
application. If a second grazing application is implemented in June,
the possibility exists that sufficient regrowth will not be present
for this fall grazing application.
The following information supports our grazing prescription:
1) Clipping studies have suggested that orchardgrass is tolerant to a
severe spring defoliation; i.e. stoppage of root-growthdoes not
occur.Root-growth stoppage does occur after second and third
defoliation events later in the spring and summer;
2) Forage production on the Native Grazed unit was virtually nonexis-
tent last fall (1986).However, forage production on this unit will
increase this growing season, requiring that the two grazed units be
fenced separately and grazed separately this year.Both annual and
perennial grasses are establishing now on this unit.Forage produc-
tion on the Seeded Grazed unit will increase this growing season as
the seeded grasses fared well over the winter and are beginning to
"take off" now.The two units must be fenced and grazed separately
because forage quality will continue to be superior in the Seeded
Grazed unit and optimal levels of utilization in both units can't be
achieved in any other way;206
3) During the April 1st field session on Sugar Pine Flat, concern was
raised that grazing may need to be implemented by early May 1987
because forage growth appears suitable already.We would hope that
the first grazing application could be delayed until mid to late May
as last year.For an investigation of grazing and its effects on
root growth of Douglas-fir and orchardgrass seedlings, glass tubes
will be installed in the soil this month (April), allowing subterra-
nean viewing of intact roots.An early May grazing application
concerns us because the roots probably will not be ready for sampling
at this time.Delaying the grazing application to mid to late May
may ensure that the roots will be ready for sampling.
We hope that this prescription will assist the BLM in drafting a
written grazing prescription as per number 2 in the 18 March 1987
correspondence.We would be glad to assist you in any other way
regarding the grazing prescription on Sugar Pine Flat.
Mike "Sherm" Karl Paul S. Doescher
Redacted for privacy Redacted for privacy207
TO: Bill Drewien, Dwayne Davis
FROM: Mike "Sherm" Karl, Paul S. Doescher
SUBJECT: 1988 Grazing Prescription for Sugar Pine Flat
The following is meant to serve as an aid to the BLM in their devel-
opment of a grazing prescription for Sugar Pine Flat (refer to
correspondence of 18 March 1987 -- re Forest Grazing Research in
Cooperation with Medford, BLM).
Our ideas/suggestions for the grazing prescription are as follows:
1) Sampling for forage standing crop on both grazed units (Native
Grazed and Seeded Grazed) will be initiated immediately before each
grazing application.Recent warm weather in the Medford area has
provided conditions conducive to aboveground growth of the seeded
forages on Sugar Pine Flat.These seeded forages may be in a pheno-
logical stage allowing grazing as early as the first week of April.
It is suggested that the first grazing application be instituted
sometime in April.In 1987, grazing of Sugar Pine Flat commenced in
the first week of May, at a time when the seeded forages were be-
lieved to be about one to two weeks past their most palatable stage.
Four grazing applications were utilized in 1987, in part because of
the unusual heavy precipitation received during July, which resulted
in forage regrowth during the summer.A fall grazing application was
not necessary in 1987.As in 1987 then, amounts of forage standing
crop and precipitation patterns should dictate the frequency and
timing of grazing applications in 1988;
2) As in 1987, we recommend that the two grazed units be grazed
separately to ensure optimal forage utilization in each unit.Forage
quality and availability differences still exist among these two
units with greater quality and availability present on the Seeded
Grazed unit.Annual forbs constitute a large percentage of the
forage standing crop on the Native Grazed unit compared to the Seeded
Grazed unit.The time of "best palatability" for these annual
species will not necessarily coincide with that of the seeded spe-
cies.For this reason, to achieve optimal forage utilization of the
Native Grazed unit, it may require grazing at a different time than
the Seeded Grazed unit;
3) Difficulties were encountered in 1987 among OSU researchers and
BLM staff concerning the scheduling of cattle "turn-in" and measure-
ment of forage standing crop/conifer browsing.To facilitate the
proper and timely collection of forage standing crop and conifer
browsing data, a minimum of two days before cattle turn-in will be
required by OSU researchers.Continual effective communication
between Sherm Karl and Bill Drewien should allow the coordination of
the researcher's and rancher's schedules so these difficulties can be
prevented;
4) To prevent the recurrence of browsing levels incurred on conifer
seedlings during two of the four grazing applications in 1987 (be-
lieved to be attributable in part to the use of bulls, yearlings, and
heifers), we suggest that only cows with nursing calves be used
during 1988.Evidence suggests that from a nutritional perspective,
lactating cows will select a diet higher in protein and energy than
other cattle classes.Therefore, browsing of relatively unpalatable
conifer seedlings may be reduced;208
5) We suggest OSU be responsible for the supply and placementof salt
on Sugar Pine Flat during grazingapplications; the BLM will continue
to be responsible for stockwater.
We hope that this prescription will assist the BLM indrafting a
written grazing prescription as per number 2 in the 18 March 1987
correspondence.To facilitate an agreement on this grazing prescrip-
tion between the BLM and OSU before an expected cattle turn-inin
April, we would suggest that this prescription be written by 1April
1988.Because of difficulties encountered in predicting weather
conditions and availability of cattle from local ranchers cooperating
in this forest grazing research, it is imperative that flexibilitybe
included in the timing and duration of the grazing applications
during 1988.
We would be glad to assist you in any other wayregarding this
grazing prescription for Sugar Pine Flat for 1988.
Mike "Sherm" Karl Paul S. Doescher
Redacted for privacy Redacted for privacy209
TO: John Simons
FROM: Mike "Sherm" Karl, Paul S. Doescher
SUBJECT: 1989 Grazing Prescription for Sugar Pine Flat
The following is meant to serve as an aid to the BLM in their devel-
opment of a grazing prescription for Sugar Pine Flat (refer to
correspondence of 18 March 1987 -- re Forest Grazing Research in
Cooperation with Medford, BLM).
Our ideas/suggestions for the grazing prescription are as follows:
1) Sampling for forage standing crop on both grazed units (Native
Grazed and Seeded Grazed) will be initiated immediately before each
grazing application.As in recent years, the seeded forages may be
in a phenological stage requiring grazing as early as April.For
1989, it is suggested that the first grazing application be institu-
ted about mid to late April.In 1987, grazing of Sugar Pine Flat
commenced in the first week of May, at a time when the seeded forages
were believed to be about one to two weeks past their most palatable
stage.Four grazing applications were utilized in 1987, in part
because of the unusual heavy precipitation received during July,
which resulted in forage regrowth during the summer.As in 1987 and
1988, amounts of forage standing crop and precipitation patterns
should dictate the frequency and timing of grazing applications in
1989.A fall grazing application was deemed unnecessary in 1987 and
1988.Unless absolutely necessary to control competing vegetation,
we do not recommend a fall grazing application for 1989.By July,
conifer growth is essentially complete for the year.Grazing compet-
ing vegetation later than July risks browsing of conifer seedlings
(remember the extreme browsing of August 1987!) and probably doesn't
improve moisture conditions for the seedlings enough to warrant its
use;
2) As in 1987 and 1988, we recommend that the two grazed units be
grazed separately to ensure optimal forage utilization in each unit.
Forage quality and availability differences exist among these two
units with greater quality and availability present on the Seeded
Grazed unit.Annual forbs constitute a large percentage of the
forage standing crop on the Native Grazed unit.The time of "best
palatability" for these annual species will not necessarily coincide
with that of the seeded species.For this reason, to achieve optimal
forage utilization of the Native Grazed unit, it may require grazing
at a different time than the Seeded Grazed unit (we recommend that
the Seeded Grazed unit be grazed first, because the annual forbs are
not palatable as soon as the seeded species);
3) Difficulties were encountered in 1987 among OSU researchers and
BLM staff concerning the scheduling of cattle "turn-in" and measure-
ment of forage standing crop/conifer browsing.To facilitate the
proper and timely collection of forage standing crop and conifer
browsing data, a minimum of two days before cattle turn-in will be
required by OSU researchers.Continual effective communication
between Sherm Karl and John Simons should allow the coordination of
the researcher's and rancher's schedules so these difficulties can be
prevented;
4) To prevent the recurrence of browsing levels incurred on conifer
seedlings during two of the four grazing applications in 1987 (be-
lieved to be attributable in part to the use of bulls, yearlings, and
heifers), we suggest that only cows with nursing calves be used210
during 1989.Evidence suggests that from a nutritional perspective,
lactating cows will select a diet higher in protein and energy than
other cattle classes.Therefore, browsing of relatively unpalatable
conifer seedlings may be reduced;
5) We suggest OSU be responsible for the supply and placement of salt
on Sugar Pine Flat during grazing applications; the BLM will continue
to be responsible for stockwater.
We hope that this prescription will assist the BLM in drafting a
written grazing prescription as per number 2 in the 18 March 1987
correspondence.To facilitate an agreement on this grazing prescrip-
tion between the BLM and OSU before an expected cattle turn-in in
April, we would suggest that this prescription be written by 1 April
1989.Because of difficulties encountered in predicting weather
conditions and availability of cattle from local ranchers cooperating
in this forest grazing research, it is imperative that flexibility be
included in the timing and duration of the grazing applications
during 1989.
We would be glad to assist you in any other way regarding this
grazing prescription for Sugar Pine Flat for 1989.
Mike "Sherm" Karl Paul S. Doescher
Redacted for privacy Redacted for privacy